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Morgan, Lewis & Boclcius LLP 




1800 M St., NW 




Washington, DC 20036 




ETATS-UNIS D'AMERIQUE 





Applicant's or agent's file referenoo 
44574-5059WO 


IMPORTANT INFORMATION 


International application No. 

PCT/US99/28613 


International filing date (day/month/year) 

03 December 1999 (03.12.99) 


Priority date (day/month/year) 

04 December 1998 (04.12.98) 


Applicant 

YALE UNIVERSITY et al 



1. The applicant is hereby informed that the International Bureau has, according to Article 31(7), notified each of the following 
Offices of its election: 

AP :GH,GM,KE,LS,MW,SD,SL,SZ,TZ,UG,ZW 

EP :AT.BE,CH,CY,DE,DK,ES,FI,FR,GB,GR,IE,iT,LU,MC,NL,PT,SE 

National :AU,BG,BR,CA,CN,CZ,DE,IL,JP,KP,KR,MN,NO,NZ,PL,RO,RU,SE,SK,US 



2. The following Offices have waived the requirement for the notification of their election; the notification will be sent to them 
by the International Bureau only upon their request: 

EA :AM,AZ,BY,KG,KZ,MD,RU,TJ,TM 

OA : BF,BJ,CF,CG,CI,CM,GA,GN,GW,ML,MR,NE,SN,TD,TG 

National :AE,AL,AM,AT,AZ,BA,BB,BY,CH,CR,CU,DK,DM,EE,ES,FI,GB,GD,GE,GH,GM, 

HR,HU,ID,IN,IS,KE,KG,KZ,LC,LK,LR,LS,LT,LU,LV,MD,MG,MK,MW.MX,PT,SD,SG,SI, 

SLJJJM,TR,TT,TZ,UA,UG,UZ,VN,YU,ZA,ZW 

3. The applicant is reminded that he must enter the " national phase" before the expiration of 30 months from the priority date 
before each of the Offices listed above. This must be done by paying the national fee(s) and furnishing , if prescribed, a 
translation of the international application (Article 39(1 )(a)), as well as. where applicable, by furnishing a translation of any 
annexes of the international preliminary examination report (Article 36(3)(b) and Rule 74.1). 

Some offices have fixed time limits expiring later than the above-mentioned time limit For detailed information about the 
applicable time limits and the acts to be performed upon entry into the national phase before a particular Office, see Volume II 
of the PCT Applicant's Guide. 

The entry into the European regional phase is postponed until 31 months from the priority date for all States designated for 
the purposes of obtaining a European patent. 
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From the INTERNATIONAL BUREAU 
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'Mr 



NOTICE INFORMING THE APPLICANT OF THE 
COMMUNICATION OF THE INTERNATIONAL 
APPLICATION TO THE DESIGNATED OFFICES 

(PCT Rule 47.1(c), first sentence) 



Oate of mailing (day/month/year) 
15 June 2000(15.06.00) 



To; 



TUSCAN, Michael, S. 
Morgan, Lewis & Bockius LLP 
1800 M St., NW 
Washington, DC 20036 
ETATS-UNIS D'AMERIQUE 



Applicant's or agenf s file reference 
44574-5059WO 


IMPORTANT NOTICE 


Intemational application No. 

PCT/US99/28613 


Intemationai filing date (day/month/year) 

03 December 1999 (03.12.99) 


Priority date (day/monthyyear) 

04 December 1998 (04.12.98) 


Applicant 

YALE UNIVERSITY et al 



1. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

AU,CN,JP,KP,KR,US 

In accordance with Rule 47.1(c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly talcen place on the data of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 

AE,AL,AM,AP,AT,AZ,BA.BB,BG,BR,BY,CA,CH,CR,CU,CZ,DE,DK,DM,EA,EE,EP,ES,FI,GB,GD,GE, 

GH,GM,HR,HU,ID,IL,1N,IS,KE,KG,KZ,LC,LK,LR,LS,LT,LU,LV,MD,MG,MK,MN,MW,MX,N0,NZ,0A, 

PL,PT,RO,RU,SD,SE,SG,SI,SK.SLTJ,TM,TR,TT,TZ,UA,UG.UZ,VN,YU,ZA,ZW 
The communication will be made to those Offices only upon their request Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
1 5 June 2000 (1 5.06.00) under No. WO 00/33655 

REMINDER REGARDING CHAPTER II (Article 31(2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for intemational preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 1 9 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the nattonal P^«?' ^« "[l"^^' ;j''VlLrt^^^^ 

or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be perforrned for emering the national the 
Annex to Forrn PCT/IB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant s Guide. 



The Intemational Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 
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PCT 

INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



Applicant's or agenfs file reference 
44574-S059WO 


FOR FURTHER ^ Notification of TrensmiitaJ of International Search Report 
ACT ION (Form PCT/lSA/220) as well as. where applicable, item 5 below. 


ntemational application No. 
PCl,uS99/28613 


International filing date (day/month/year) 
03 DECEMP'-a 1999 


(Earliest) Priority Date (day/morufi/year) 
-4 DECEMBER 1998 


Applicant 

YALE UNIVERSITY 



This international search report has been prepared by this Intematic-il Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the [ntemational Bureau. 

This international search report consists of a total of _J sheets. 

I X| It is also accompanied by a copy of each prior art document cited in this report. 



1. I [ Certain claims were found unsearchable (See Box I)- 

2. Unity of invention is lacking (See Box II). 

3. I — I The international application contains disclosure of a nucleotide and/or amino acid sequence listing and ihe 
I— J international search was carried out on the basis of the sequence listing 

j [ filed with the international application. 

j [ fiimished by the applicant separately from the international application. 

I I but not accompanied by a statement to the effect that it did not include matter 
going beyond the disclosure in the international application as filed. 

I I transcribed by this Authority. 

4. With regtrd to the title. | x| the text is approved as submitted by the applicant. 

I I the text has been established by this Authority to read as follows: 



5. With regard to the abstract. 



I X| the text is approved as submitted by the applicant 

[~| the text has been establisheH -..cording to Rule J? 2(b). by this Authority as it appears 
in Box III. The applicant may. within one mondi from the date of mailing ot ihis 
international search report, submit comments to this Authority. 



6. The figure of the drawings to be published with the abstract is: 

Figure No. | [ as suggested by the applicant 

I I because the applicant failed to suggest a figure. 

I I because this figure better characterizes the invention. 



I X| None of the figures 



Form PCT/lSA/210 (first sheetX July 1992)* 



INTERN/^HpAL SEARCH REPORT ^^Pteraadonal application No 

I PCT/US99/28613 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(7) :A0 IN 43/04. A6 IK 31/70, Ci2N 15/63 
US CL :514/44; 435/320.1, 455, 456 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. I<ILLDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 514/44,435/320.1. 455.456 



Documentation sesi'ched other than minimum documentaticn to the extent that such documents are incl'iH«H in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
MEDLINE. NPL. WEST 

search terms: L-plastin promoter, T-plastin promoter, human plastin. adenoviral vector, gene therapy, neoplastic, tumors 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Ciution of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Database Medline on STN, US National Library of Medicine, 
(Bethesda, MD, USA), Accession No. 97174306, LIN et al.. The 
murine L-plastin gene promoter: identification and comparison with 
the human L-plastin gene promoter," abstract, DNA and Cell 
Biology, January 1997, Vol. 16, No. I, pages 9-16, see entire 
abstract. 

Database Medline on STN, US National Library of Medicine, 
(Bethesda, MD, USA), Accession No. 93155096, LIN et al.. 
Characterization of the human L-plastin gene promoter in normal 
and neoplastic cells," abstract. Journal of Biological Chemistry, 05 
February 1993, Vol. 268, No. 4, pages 2793-2801, see entire 
abstract. 



1-30 



1-30 



X 


Further documents are listed in the continuation of Box C. |^ See patent family annex. 


<;„-.,.l r....nr,«. of ciud doeummli- 'T* l.ier document publiihed •fter lh« mtenl»uonil filinj dale or priority 
Special celegonc. of c.ttd document!. u, conflict with the .pplic.tion but cted to Mn l.r.ond 

-A' document defining the general fUt* of the «t which u - oniidered j,, principle or theory underlying the invenuon 

to be of pirticulw relevance . , j . >, 

•X' document of particular relevance: the claimed invention cannoi be 
earlier document publiihed on or after the tnumational filing date comidered novel or cannot be coniideredto involve en inventive ncp 

. . , - y , u when the document ie taken alone 

•f document which may throw doubu oo priontjr claLn(a) or which u 

cited u> e»t«bli«h the publication data of another citation or other document of particular relevance; the claimed invention cwnoi be 
ipecial r:j.ion (at tpacifiad) coiuidared to involve an inventive itep when ihe document ii 

•0- document referring u, «, or., diacloeure. u-. exhibition or other ^.IliTbtr ^a' ^^^T.^rd 'n.'r"""- 

meana ^ 
•o- dovuoient publithed prior to the international Tiling data but later than -jt" document member of the wme patent family 


Date of the acmal completion of the international search 
17 JANUARY 2000 


Date of mailing of the international search report 

14 FES 2000 


Name and mailing address of the ISA/US 
Commissioner of Patents and Trademaifcs 
Box POT 

Washington. DC 20231 
Facsimile No. (703) 305-3230 


Authorized officer a 

till n MARTIN -^{^jJliJV 
Telephone No. (703) 308-0196 ^ 



Form PCT/ISA/210 (second sheetXJuly 1992)* 



INTERN^/^^A^AL SEARCH REPORT ^^Hternadonal application No. 

^1 PCTAJS99/28613 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Cit&tion of docuincnt, with indic&tion, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


WANG et al. Identification of Dioxin-Responsive Genes in Hep 
G2 Cells Using Differential mRNA Display RT-PCR. Biochemical 
and Biophysical Research Communications. 27 March 1996, Vol. 
220, issue 3, pages 784-788, see especially page 788. 


1-30 


A 


US 5,360,715 A (LEAVITT et al) 01 November 1994, see entire 
document. 
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V. P 


Database Medline on STN, US National Library of Medicine, 
(Bethesda, MD, USA). Accession No. 1999210252. CHUNG. I. 
'Use of L-plastin promoter to develop an adenoviral system that 
confers transgene expression in ovarian cancer cells but not in 
normal mesothelial cells,' abstract. Cancer Gene Therapy, March- 
April 1999, Vol. 6, No. 2, pages 99-106, see entire abstract. 
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PATENT COOPERATION TREATY 



From the 

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



DECEIVED 
r^tiV 2 n 2000 



MICHAEL S. TUSCAN 
MORGAN. LEWIS & BOCKIUS LLP 
1800 M STREET. N.W. 
WASHINGTON. D C. 20036 


WRITTEN OPINION 

(POT Rule 66) 


Date of Mailing ■ ^ , 
(day /month/year) o , ' '/(](](] 


Applicant's or agent's file reference 
44574-5059WO 


REPLY DUE . ^. ^ 

within TWO months 

from the above date of mailing 


International application No. 
PCT/US99/28613 


International filing date (day/month/year) 
03 DECEMBER 1999 


Priority date (day/month/year) 
04 DECEMBER 1998 


International Patent Classification (IPC) or both national classification and IPC 
IPC(7): AOIN 43/04; A61K 31/70; C12N 15/63 and US CI.: 5 14/44; 435 '320. 1 , 455. 456 


Applicant 
YALE UNIVERSITY 



1. This written opinion is the 



(first, etc.) drawn by this International Preliminary Examining Authority. 



2. This opinion contains indications relating to the following items; 



1 




II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 


□ 



citations and explanations supporting such statenjgnt 
Certain documents cited 



□ Certain defects in the international application DU6D3t8 /~ / ^ 



3. The applicant is hereby invited to reply to this opinion. 



When? 
How? 
Also 



See the time limit indicated above. Th « app li cant moy. befor e the e xp i ration of that tim e l i mit, r o qu o si ih i 
Authority to grant an e xtnnoion., oo e Rul e 66.3(d). 

By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3. 
For the form and the language of the amendments, see Rules 66.8 and 66.9. 



For an additional opportunity to submit amendments, see Rule 66.4. 
For the examiner's obligation to consider amendments and/or arguments, see Rule 66.4 bis. 
For an informal communication with the examiner, see Rule 66.6. 
If no reply is flied, the international preliminary examination report will be established on the basis of this opinion. 

4. The flnal date by which the international preliminary 

examination report must be established according to Rule 69.2 is: 04 APRIL 2001 





Name and mailing address of the IPEA/US 

Commu<ioner of Pitenta and Trademarica 
Box PCX 

Washington, D C. 2023 1 
Facsimile No. (703) 305-3230 


Authonzed officj .-jy^ JTU^tCo 

JILL D. MARTIN (J 
Telephone No. (703 ) 308-0 1 96 
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From the 

INTERNATIONAL PRELIMINARY EXAMINfNG AUTHORITY 



To: 



MICHAEL S. TUSCAN 
MORGAN, LEWIS & BOCKIUS LLP 
1800 M STREET. N.W, 
WASHINGTON. D C. 20036 



PCX 



WRITTEN OPINION 



(POT Rule 66) 





Date of Mailing ^ />\in' lOnr 
{day /month/year) \ g ^ji j \! Ol^V' 


Applicant's or agent's file reference 
44574-5059WO 


REPLY DUE , 

within TWO months 

from the above date of mailing 


International application No, 
PCT/US99/28613 


International filing date (day/momh/year) 
03 DECEMBER 1999 


Priority date (day/month/year) 
04 DECEMBER 1998 



International Patent Classification (IPC) or both national classification and IPC 
IPC(7): AOIN 43/04; A61K 31/70; CI2N 1 3/63 and US CI.: 5 14/44; 435/320,1 , 455, 456 



Applicant 
YALE UNIVERSITY 



1, This written opinion is the 



(first, etc) drawn by this International Preliminary Examining Authority, 



2. This opinion contains indications relating to the following items: 



I 




II 


□ 


HI 


□ 


IV 


□ 


V 








VI 


□ 


VII 


□ 


VIII 


□ 


The applicant 



Reasoned statement under Rule 66.2(aXii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 



3. The applicant is hereby invited to reply to this opinion. 



When? 
How? 
Also 



See the time limit indicated above. The app li oant may, befor e the e xpiration of that tim e li m i t, requ e st Ihi; 
Authority to grant an e Kt e nsion.. oo c Rul e 66.3(d). 

By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3. 
For the form and the language of the amendments, sec Rules 66.8 and 66.9. 



For an additional opportunity to submit amendments, see Rule 66.4, 
For the examiner's obligation to consider amendments and/or arguments, see Rule 66.4 bis. 
For an informal communication with the examiner, see Rule 66.6, 
If no reply is filed, the international preliminar>- examination report will be established on the basis of this opinion. 

4. The final date by which the international preliminary 

examination report must be established according to Rule 69,2 is: 04 APRIL 2001 . 





Name and mailing address of the IPEA/US 

Conunissioner of PilcnU and Tndeni<ric< 
Box PCT 

Wajhington, D C. 20231 
Facsimile No. (703) 305-3230 


Aulhonzed oITicj^ y^\J)\X/Xo 

JILL D. MARTIN Q 
Telephone No, (703) 308-0196 



Form PCT/IPEA/408 (cover sheet) (July 1998)* 



WRITTEN OPINION 



Iniemational applicaiion No. 
PCT/US99/28613 



I. Bash of the opinion 



1. With regard to the elements of (he iniemaiional application;* 
the international application as originally filed 
the description: 

1-42 



pages 
pages 
pages 



NONE 



_ , as originally filed 
filed with the demand 



NONE 



, filed with the letter of 



the claims: 

pages 

pages 

pages 

pages 



43-46 



NONE 



NONE 



, as originally filed 

. , as amended (together with any statement) under Article 19 
, filed with the demand 



NONE 



, filed with the letter of 



the drawings; 

pages 

pages 

pages 



1-10 



NONE 



, as originally filed 

, filed with the demand 



NONE 



I X I the sequence listing part of the description; 
pages NONE 



filed with the letter of 



pages 
pages 



NONE 



, as opiginally filed 

, filed with the demand 



NONE 



, filed with the letter of . 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international appUcation was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

I I the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
I I the language of publication of the international application (under Rule 48.3(b)). 

I 1 the language of the translation furnished for the purposes of international preliminary examination (under Rules 55 2 and/ 
or 55,3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the written opinion was 
drawn on the basis of the sequence listing; 

contained in the international application in printed form. 
I I filed together with the international application in computer readable form. 
I I furnished subsequently to this Authority in written form. 
I [ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been fijmished. 

I I The statement that the information recorded in computer readable form is identical to the writen sequence listing has 
' — ' been furnished. 

4 I x| The amendments have resulted in the cancellation of: 

NONE 



the description, pages_^ 
the claims, Nos. 



NONE 



fx] the drawings, sheets/fig NONE 



5. This opinion has been drawn as if (some oO the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 

• Replacement sheets which have been furnished to Che receiving Office in response to an invitation under Article 14 are referred to 
in this opinion as "originally filed". 
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WRITTEN OPINION 



International application No. 
PCT/US99/28613 



V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. statement 

Novelty (N) Claims iOO YES 

Claims NONE NO 

Inventive Step (IS) Claims 11-13. 15-18 YES 

Claims 1-12. 14, 19-30 NO 

Industrial Applicability (lA) Claims i^O YES 

Claims NONE NO 



2. citations and explanations 

Claims 1-12, 14, 20-26, and 28-30 lack an inventive step under PCT Article 33(3) as being obvious over Lin et ai. 
(Journal of Biological Chemistry, 1993) in view of Bramson et al. 

Lin et al. teach an expression vector. pHLPPr-l-neo, comprising a 5.1 kb fragment of the human L-plastin promoter. 
Lin et al. teach that this portion of the promoter. inherently contains transcriptional control elements pertaining to progesterone 
and estrogen-responsive elements, Lin et al. report that this promoter could direct constitutive expression of reporter genes in 
fibroblast cell lines. Lin et al, differ from the claimed invention in that they do not specifically teach construction of an 
adenoviral vector including the plastin promoter, in particular a pro-drug vector system, and the infection of tumor cells or bone 
marrow cells using such vectors. However, at the time the claimed invention was made, Bramson et al. teach that the adenoviral 
vector system was well known in the art and can be constructed as per its intended use. For instance, Bramson et al. report 
transfection of tumor cells or bone marrow cells using adenoviral vectors, in particular for transfection employing suicide genes 
such as HSV-tk. See Table 1, page 590, Figure I. page 591, and page 593, column 1. 

Accordingly, in view of the teachings of Bramson et al., it would have been obvious for one of ordinary skill in the 
art, at the time the claimed invention was made, to modify the expression vector of Lin et al. by using vector elements known 
in the art such as adenoviral vector constructs, and genes encoding suicide genes for use in a pro-drug system, particularly for 
transfection of mmor or bone marrow cell lines with a reasonable expectation of success. 

Note that in the method claims 20-16 and 28-30, the preamble is accorded little weight in the determination of 
patentability, because the steps do not tie back to the preamble and as such the steps of the claimed method stand alone 

Claim 27 lacks an inventive step under PCT Article 33(3) (Continued on Supplemental Sheet.) 
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WRITTEN OPINION 


International application No. 
PeT.US99.'28613 


Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 


Continuation of: Boxes I - VIII 


Sheet 10 


TIME LIMIT: 





The time limit set for response to a Written Opinion may not be extended. 37 CFR 1.484(d). Any response received 
after the expiration of the time \mx set in the Written Opinion will not be considered in preparing the Interna ional 
Preliminary Examination Report. 



V. 2. REASONED STATEMENTS - CITATIONS AND EXPLANATIONS (Continued): 

as being obvious over the prior art as applied in the immediately preceding paragraph and Airther in view of Mullen. 

Lin et al. and Bramson et al. differ from the claimed invention in that they do not teach a prodrug system involving 
cytosine deaminase and 5-fluorocytosine. 

However, at the time the claimed invention was made, Mullen teaches expression vectors comprising the metabolic 
suicide gene system of cytosine deaminase and S-fluorocytosine. Ses Section 2.2. 

Accordingly, in view of the teachings of Mullen and Bramson et al., it would have been obvious for one of ordinary 
skiU in the art, at the time the claimed invention was made, to raodiiy the expression vector of Lin et al. l>y using vector 
elements known in the art such as genes encoding suicide genes cytosine deaminase and the pro-drug 5-fluorocytosine. 

Claims 1-30 meet the criteria set out in PCT Article 33(2) because the pr'or an does not specifically teach a vector 
and method of use of said vector, wherein said vector comprises a plastin promoter. 

Claims 11-13, and 15-19 meet the criteria set out in PCT Article 33(3), because the prior art does not teach or fairly 
suggest a vector comprising a plastin promoter, a gene of interest, and an additional gene encoding an OPRTase, or vectors 
comprising a plastin promoter and the pro-drug systems. 

Claims 1-30 meet the criteria set out in PCT Article 33(4), because the claimed invention is useftil for transfection of 
tumor cells. 

NEW CITATIONS 

Bramson et al. The use of adenoviral vectors for gene therapy and gene transfer in vivo. Current Opinion in Biotechnology. 
1995, Vol. 6, pages 590-595, see entire document. 

Mullen. Metabolic Suicide Genes in Gene Therapy. Pharmac. Ther. 1994, Vol. 63, pages 199-207, see entire document. 
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the international application as originally filed 
the description: 
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pages 
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1-42 
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, as originally filed 

, filed with the demand 



pages 



NONE 



, filed with the letter of 



the claims: 

pages 

pages 

pages 

pages 
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as amended (together with any statement) under Article 19 
, filed with the demand 
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pages 
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pages NONE 

pages 

pages 



filed with the letter of 
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, as originally filed 

filed with the demand 



NONE 



filed with the letter of 



2. With regard to the language, all the elements marked above were available or fiimished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or fiimished to this Authority in the following language which is: 

I I the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
I I the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation fiimished for the purposes of international preliminary examination (under Rules 55.2 and/ 

or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminar>' examination was carried out on the basis of the sequence listing: 

contained in the international application in printed form. 
I I filed together with the international application in computer readable form. 
[ I furnished subsequently to this Authority in written form. 
I I furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been fumished. 

□ The statement that the infonnation recorded in computer readable fomi is identical to the wrilen sequence listing has 
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the claims, Nos. 



NONE 
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beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
* Replacement sheets which have been fiimished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70.16 
and 70.17). 

**An\ replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 

Form PCT/IPEA/409 (Box I) (July 1998)* 



INTERNATIONAL PREL 



RY EXAMINATION REPORT 




InLi^^^nal application No. 
PCT/US99/28613 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. statement 

Novelty (N) 



Claims 1-30 



Claims NONE 



YES 
NO 



Inventive Step (IS) 



Claims 11-13. 15-19 



Claims 1-12. 14. 20-30 



YES 
NO 



Industrial Applicability (lA) 



Claims 1-30 



Claims NONE 



YES 
NO 



citations and explanations (Rule 70.7) 

Claims 1-12. 14, 20-26, and 28-30 lack an inventive step under PCT Article 33(3) as being obvious over Lin et al. 
(Journal of Biological Chemistry, 1993) in view of Bramson et al. 

Lin et al. teach an expression vector, pHLPPr-l-neo, comprising a 5. 1 kb fragment of the human L-plastin promoter. 
Lin et al. teach that this portion of the promoter inherently contains transcriptional control elements pertaining to progesterone 
and estrogen- responsive elements. Lin et al. report that this promoter could direct constitutive expression of reporter genes in 
fibroblast cell lines. Lin et al. differ from the claimed invention in that they do not specifically teach construction of an 
adenoviral vector including the plastin promoter, in particular a pro-drug vector system, and the infection of ttmior cells or bone 
marrow cells using such vectors. However, at the time the claimed invention was made. Bramson et al. teach that the adenoviral 
vector system was well known in the art and can be constructed as per its intended use. For instance. Bramson et al. report 
transfection of tumor cells or bone marrow cells using adenoviral vectors, in particular for transfection employing suicide genes 
such as HSV-tk. See Table 1, page 590, Figure 1, page 591, and page 593, column 1. 

Accordingly, in view of the teachings of Bramson et al. , it would have been obvious for one of ordinary skill in the 
art, at the time the claimed invention was made, to modify the expression vector of Lin et al. by using vector elements known 
in the art such as adenoviral vector constructs, and genes encoding suicide genes for use in a pro-drug system, particularly for 
transfection of tumor or bone marrow cell lines with a reasonable expectation of success. 

Note that in the method claims 20-26 and 28-30, the preamble is accorded little weight in the determination of 
patentability, because the steps do not tie back to the preamble and as such the steps of the claimed method stand alone. 



Claim 27 lacks an inventive step under PCT Article 33(3) as being obvious over the prior art as applied in the 
immediately preceding paragraph and further in view of Mullen. 

Lin et al. and Bramson et al. differ from the claimed (Continued on Supplemental Sheet.) 
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V. 2. REASONED STATEMENTS - CITATIONS AND EXPLANATIONS (Continued): 

invention in that they do not teach a prodrug system involving cytosine deaminase and S-fluorocytosine. 

However, at the lime the claimed invention was made, Mullen teaches expression vectors comprising the metabolic 
suicide gene system of cytosine deaminase and S-fluorocytosine. See Section 2.2. 

Accordingly, in view of the teachings of Mullen and Bramson et al. , it would have been obvious for one of ordinary 
skill in the art, at the time the claimed invention was made, to modify the expression vector of Lin et al. by using vector 
elements known in the art such as genes encoding suicide genes cytosine deaminase and the pro-drug 5-fluorocytosine. 

Claims 1-30 meet the criteria set out in PCT Article 33(2) because the prior art does not specifically teach a vector 
and method of use of said vector, wherein said vector comprises a plastin promoter. 

Claims 11-13, and 15-19 meet the criteria set out in PCT Article 33(3), because the prior art does not teach or fairly 
suggest a vector comprising a plastin promoter, a gene of interest, and an additional gene encoding an OPRTase, or vectors 
comprising a plastin promoter and the pro-drug systems. 

Claims 1-30 meet the criteria set out in PCT Article 33(4), because the claimed invention is useful for transfection of 
tumor cells. 
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BRAMSON el al. The use of adenoviral vectors for gene therapy and gene transfer in vivo. Current Opinion in 
Biotechnology. 1995, Vol. 6, pages 590-595, see entire document. 

MULLEN. MetaboUc Suicide Genes in Gene Therapy. Pharmac. Ther. 1994, Vol. 63, pages 199-207. see entire document. 
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RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application 60/1 10,844, 
filed December 4, 1998, which is herein incorporated by reference in its entirety. This 
application is also related to U.S. Disclosure Document 441607, filed August 7, 1998, 
which is also herein incoqjorated by reference in its entirety. 

FIELD OF THE INVENTION 

The invention relates generally to the treatment of cancer using plastin promoter 
directed gene therapy. 

BACKGROUND OF THE INVENTION 

Gene therapy is one of the newest approaches to cancer treatment, in which the 
transfer of genetic material into cells alters their phenotype in a beneficial manner. 
Adenoviral vectors are currently the most commonly used vector for cancer gene therapy 
because of their high titers, ease of production, high infection efficiency for epithelial 
neoplastic cells, and the fact that their transcriptional units are expressed 
extrachromosomally in non dividing celts. The broad host range of this virus also results 
in the infection of both the intended tumor cells as well as of the normal surrounding 
tissue. This limits the utility of the vectors, especially when the vector gene products relate 
to sensitization of the tumor cells to chemotherapy or radiation therapy, due to toxicity to 
the normal cells (Descamp e.g., 1996; Bramson et al., 1995; Zhang et al., 1994). 

One way to circumvent this limitation is to use a tissue-specific transcriptional 
promoter which is active only in the target tumor cells. A number of promoter/enhancer 
sequences have been characterized for application in gene therapy methods, potentially 
allowing for the tightly regulated expression of therapeutic genes within neoplastic tissues 
(Patterson et al, 1999). For instance, in breast cancer, transcriptionally targeted gene 
expression can be achieved using breast-tissue-specific or disease-specific promoters or, 
alternatively, through exploiting promoter elements that are responsive to conditions 
vmique to solid tumor microenvirormients. Few such promoter elements have been 
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identified to date. Accordingly, the need for the identification and development of tightly 
regulated promoters for the delivery of agents to neoplastic tissues remains great. 

SUMMARY OF THE INVENTION 

The present invention is based on the development of vectors in which a plastin 
5 promoter is used to effect the expression of therapeutic transgenes in neoplastic but not in 

normal epithelial cells. 

The invention includes in vivo delivery vectors comprising a plastin promoter 

operably linked to a gene whose induction modifies the metabolism of a cell. Preferred 

vectors include a human plastin promoter, particularly a L-plastin promoter. Vectors of 
1 0 the invention may be replication deficient, replication competent or conditionally 

replication competent. Vectors of the invention may be contained within a recombinant 

adenovirus and may be formulated into pharmaceutical compositions. 

The gene encoded by the vectors of the invention include genes whose induction 

modifies the metabolism of a cell. Such genes include, but are not limited to, a thymidine 
15 kinase, cytosine deaminase, a purine nucleotide phosphorylase, a nitroreductase, P- 

galactosidase, a cytochrome P450, a deoxycytidine kinase and a thymidine phosphorylase. 
The invention further includes methods of sensitizing tumor cells to a 

chemotherapeutic agent, comprising the steps of infecting at least a fraction of the tumor 

cells with a vector of the invention and administering a prodrug. 
20 The invention also includes methods of removing cancer cells fi-om bone marrow 

or peripheral blood mononuclear cells comprising the steps of infecting at least a fraction 

of the tumor cells with a vector of the invention and administering a prodrug. Such 

prodrugs include, but are not limited to 6-methoxypiuine arabinonucleoside, acyclovir, 

ganciclovir and l-(2'-deoxy-2'-fluoro-P-D-arabinofuranosyl)-5-iodouracil, 6-methyipurine- 
25 2'-deoxyribonucleotide, 5-fluorocytosine, a dinitroberuamide mustard derivative, 

cyclophosphamide, ifosfamide, l-P-D-arabinofuranosylcytosine and 5'-deoxy-5- 

fluorouridine. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figltfg 1 . Light Microscopic Study of the LacZ gene expression levels in different cell 
lines. 1.4x10^ cells were infected at 0, 5, 20, and 80 MOI with Ad-LP-LacZ or Ad-CMV- 
LacZ virus vector for 90 minutes. After infection, the cells were incubated in duplicate 6 
5 well plates for 48 hours, after which X-Gal staining was performed. The positive cells 
were counted in the high powered field of the light microscope. A: CCD cell line, Ad- 
CMV-LacZ at 20 MOI, 200X; S: EJ cell line, Ad-CMV-LacZ at 20MOI, 200X; £: CCD 
cell line, Ad-LP-LacZ at 80MOI, lOOX; Q: EJ cell line Ad-LP-LacZ at 80MOI , lOOX. 

Figyrg I- Time Course of Ad-CMV-LacZ and Ad-LP-LacZ in different cell lines. 1 .4x10^ 
10 cells were infected at different MOI of the Ad-CMV-LacZ and Ad-LP-LacZ vectors. 
After infection, cells were seeded in 6 well plates in duplicate. X-Gal staining was 
performed at day 2,4,5,6,7 and the positive cells were counted in the high power field of a 
light microscope. The expression of LacZ gene reached a maximum in the cells infected 
by the Ad-CMV-LacZ at day 2, and maintained a longer time as the vector MOI was 
1 5 increased. The accumulation of the gene product in Ad-LP-LacZ is slow but finally 
reached the maximum expression at' day 4. 

Figure 3A-3B . Toxicity of Vectors Figure 3 A: The different cell lines were infected at 
varying MOI (20, 80, 160) using the Ad-CMV-CD or Ad-LP-CD virus vectors. The 
infected cells and non-infected cells were mixed in varying ratios to generate 0, 5%, 20%, 

20 30%, 40%, 50%, 60%, 100% percentages of infected cells. Cells were then seeded in 6 
well plates and incubated for 5 days in SOOjxmol 5-FC. The cells were then trypsinized 
and surviving cells were counted by Trypan Blue exclusion. Figure 3B: Tumor Cell 
killing efficiency with Ad-CMV-CD and Ad-Lp-CD vectors. 1.4x10' cells were infected 
at 0, 5 and 20 MOI with the Ad-CMV-CD or Ad-LP-CD vectors for 90 minutes, washed in 

25 PBS and then seeded in the 6 well plates in duplicate. Cells were then incubated with 

500fimol 5FC for 5 days and stained with 0.5% Methylene blue for 30 minutes. Surviving 
cells stayed in the plates. (Up: Nutu-19 cell line; below : EJ cell line). In Nutu-19 cell 
line, 5MOI of Ad-CMV-CD killed almost all the cells and 20MOI of Ad-LP-CD can kill 
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all the cells. In EJ cell line, 5M0I of Ad-CMV-CD killed all the tumor cells and 5M0I of 
AD-LP-CD can kill about 95% of the tumor cells. 

F'R^fg 4 . Study of the toxicity of the backbone vs. CD Vector. 1.4x10^ cells were 
infected at 0, 5, 20, 40,80 and 160 MOI vector with the Ad-CMV-LacZ, Ad-Lp-LacZ, Ad- 
5 CMV-CD or Ad-Lp-CD vectors for 90 minutes and seeded in 6 well plates in duplicate. 
Cells were then incubated in 500nmol 5FC for 5 days. The percentage of surviving cells 
was counted by trypan blue exclusion. No toxicity was seen at a 80MOI with the Ad- 
CMV-LacZor Ad-Lp-LacZ vectors. In contrast, 100% of Nutu-19 cells and 100% of EJ 
cells were killed even at a MOI of 20 with CD gene vectors. 

10 FigWg g . Primary cell Cultures. Samples of tumor tissues and normal peritoneum were 
collected from 16 ovarian cancer patients undergoing diagnostic or therapeutic laparotomy 
and cut into small pieces. These pieces were then digested with collagenase to produce 
tissue disaggregation and the resulting cells cultured in RPMI1640 with 10% fetal serum. 
When the cells were at 80% confluency, the cells were infected in the flasks for 90 

1 5 minutes with Ad-Lp-LacZ or Ad-CMV-LacZ virus vectors, after 48 hours incubation the 
positive cells were measured by X-Gal staining. 



Fjgyrg 6- Ovarian Organ Cultures. Norrtal Ovarian tissue was obtained from operating 
room. The tissues were cut into small pieces and cultxured in DMEM/Hamis F12 with 10% 
charcoal-stripped serum. 24-48 hours later, the tissues were infected with virus vectors for 
20 90 minutes, PBS washed and then incubated 48 hours. Following infection, the tissues 
was frozen in O.C.T following which the frozen section were stained by X-Gal reaction. 
Left: control; Middle: Ad-CMV-LacZ; Left: Ad-Lp-LacZ. 

Figur? 7- Kaplan-Meir analysis of survival. Group 1: 22 mice received 1 to 2 million fresh 
marrow cells. Group 2:21 mice transplanted with 1 to 2 million marrow cells cultured in 
25 QBSF58 serum-free medium for 4 days, as was group 3, but not exposed to the CD 

:-'denoviral vector/5-FC. Group 3: 19 mice transplanted with 1 to 2 million marrow cells 
exposed to the CD adenoviral vector followed by 5-FC. Survival for each group was 



wo 00/33655 PCT/US99/28613 

-5- 

estimated by the Kaplan-Meir model. Log-rank test was used to check for equality of 
survival functions. Sixty-two mice were studied. Follow-up was 83.9± 43.4 days (mean ± 
SD), with a range of 4 to 145 days. Survival functions: Results are given as the mean ± 
SE, with the 95% confidence interval in parentheses. Group 1 : 22 mice were transplanted 
5 and 19 survived and 2 died at days 6 and 8 (2 different experiments). Survival: 90.5 ± 6.4 
(67 to 97.5). Group 3: 19 mice were transplanted. Six died at days 4 (1 mouse), (4 
different experiments total). Survival: 68.4 ± 10.7 (42.8 to 84.4). Log-rank test: P = .16. 
There was no difference in survival among these 3 groups. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
10 I. General Description 

The present invention is based in part on the discovery that the plastin promoter 
may be used to effect tissue-specific transcriptional of a gene of interest in target tumor 
cells. The present inventors have discovered that a variety of neoplastic cells, including 
cell lines from ovarian cancer, breast cancer, bladder cancer as well as primary samples 

1 5 from surgical resections (ovarian cancer cells) can be sensitized to 5-Fluorocytosine (5FC) 
by vectors carrying the cytosine deaminase (CD) gene driven by the L-plastin promoter. 
Accordingly, the invention includes vectors and nucleic acid constructs comprising a 
plastin promoter and a gene of interest, particularly a gene encoding an enzyme for Gene 
Directed Enzyme-Prodnig Therapy (GDEPT). 

20 In addition, when the L-plastin promoter is used to drive expression of cytosine 

deaminase, the amoimt of intracellular CD protein which is generated by the vectors is 
sufficient to kill 100% of the epithelial neoplastic cells, when only 5-50% of the cells are 
infected. Lastly, the present inventors have constructed conditionally replication 
competent vectors under the control of a plastin promoter for use in the in vivo treatment 

25 of cancer, such as the treatment of ovarian cancer by intraperitoneal delivery. 

II. Specific Embodiments 

L-plastin is an actin-binding protein selectively expressed at high levels in many 
humai. epithelial cancers. Vectors described herein are usefiil for the treatment of 
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metastatic diseases, particularly epithelial cell malignancies such as ovarian and breast 
cancer. 

Plastin Promoters 

The L-plastin gene belongs to a recently discovered gene family of actin-binding 
5 proteins (Leavitt et al., 1994; Lin et al., 1997; Park et al., 1994). The only normal cell in 
which this protein is detectable is the leukocyte. This protein has been demonstrated to be 
present in greater than 90% of epithelial neoplastic cells, and is not found in normal 
epithelial cells. 

As used herein, the term "plastin promoter" refers to any transcriptional regulatory 

10 element derived from the upstream or 5' region of a plastin gene, a plastin variant, or a 
gene that encodes a plastin-like protein. Also included are plastin promoter variants, for 
instance, sequence variants that exhibit tumor cell specific transcription. Preferably, 
regions upstream of the human L-plastin promoter are used to construct vectors of the 
invention. The sequence of the human L-plastin promoter region is readily available, for 

15 instance, as GenBank accession No. S54531. See also Lin et al. (1993b), Portions or 
fragments of the L-plastin promoter region may also be employed to conditionally express 
a gene of interest in neoplastic cells. For instance, a fragment spanning about the first 
2265 nucleotides upstream of the L-plastin transcriptional start site may be used. In other 
instances, the progesterone- and/or estrogen-responsive elements may be used. Preferably, 

20 fragments of the upstream regions employed to construct vectors of the invention retain 
the inability to effect expression of the operably linked gene in normal non-neoplastic 
cells. See Lin et al. (1993a and 1993b) for the structure of the L-plastin promoter as well 
as useful fragments. 

According to the invention, a coding sequence is "operably linked" to a plastin 

25 promoter when the promoter is capable of directing transcription of that coding sequence. 

Viral Vectors 

Any viral delivery vector or backbone may be used to target a gene of interest to a 
neoplastic cell, particularly a gene whose induction via a plastin promoter modifies the 
metabolism of a cell. For instance, many gene therapy vectors are available in non- 
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replicable, conditionally rqjlicable and fully replicable forms as are vectors capable of 
specifically infecting tumor cells. See Alemany et al. (1999), Crystal (1999) and Zhang et 
al. (1999). 

Retroviral vectors engineered to express a protein of interest from a plastin 
5 promoter can be used (see Miller et, al. (1993)). These retroviral vectors have been 
modified to delete retroviral sequences that are not necessary for packaging of the viral 
genome and integration into host cell DNA. More detail about retroviral vectors can be 
foimd in Boesen et al. (1994)) which describes the use of a retroviral vector to deliver the 
mdrl gene to hematopoietic stem cells in order to make the stem cells more resistant to 

1 0 chemotherapy. Other references illustrating the use of retroviral vectors in gene therapy 
are: Clowes et. al. (1994); Kiem et al. (1994); Sabnons and Gunzberg (1993); and 
Grossman and Wilson (1993). 

Preferred delivery vectors include, but are not limited to, the many forms of 
recombinant adenoviruses currently available. Adenoviruses are especially attractive 

1 5 vehicles for delivering genes to epithelial cells. Adenoviruses naturally infect respiratory 
epithelia as well as other epithelia cells where they cause a mild disease. Other targets for 
adenovirus-based delivery systems are liver, the central nervous system, endothelial cells, 
and muscle. Adenoviruses have the advantage of being capable of infecting non-dividing 
cells. Kozarsky and Wilson (1993) present a review of adenovirus-based gene therapy. 

20 Bout et al. (1994) demonstrated the use of adenovirus vectors to transfer genes to the 
respiratory epithelia of rfiesus monkeys. Other instances of the use of adenoviruses in 
gene therapy can be found in Rosenfeld et al. (1991); Rosenfeld et al. (1992); and 
Mastrangeli CM/. (1993). 

Conditionally replicative adenoviral vectors which replicate in neoplastic cells but 

25 not in normal cells are particularly useful for the delivery of proteins of interest under the 
control of a plastin promoter. Such conditionally replicative vectors may be produced by 
expressing the adenoviral El A gene. In a preferred embodiment, the El A gene is under 
the transcriptional control of a tissue-specific and/or disease-specific promoter. In a most 
preferred embodiment, the El A gene is expressed under the control of a plastin promoter 

30 as described in tht Examples. 

Adeno-associated virus (AAV) has also been proposed for use in gene therapy 
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(Walsh e/ a/. (1993)). 

Prodrug Activation Systems and Gene Therapy Approaches 

The vectors of the invention can be used to express any gene of interest, including 
therapeutic genes or reporter genes. For instance, a therapeutic gene includes genes which 
5 exert their effect at the level of RNA or protein. The protein encoded by the therapeutic 
gene may exert its therapeutic effect by cell killing. For instance, expression of the gene 
in itself may lead to cell killing, as with expression of the diphtheria toxin A gene, or the 
expression of the gene may render cells selectively sensitive to the killing action of certain 
drugs. As the L-plastin promoter is transcriptionally active specifically in neoplastic cells, 

1 0 vectors of the invention comprising a L-plastin promoter operably linked to a gene or 
genes which kill or in some way inhibit the growth of neoplastic, cancer or tumor cells are 
preferred embodiments. 

The therapeutic gene can also exert its effect at the level of RNA, for instance, by 
encoding an antisense message or ribozyme, a protein which affects splicing or 3' 

1 5 processing (e.g., polyadenylation), or by encoding a protein which acts by affecting the 
level of expression of another gene within the cell (i.e., where gene expression is broadly 
considered to include all steps from initiation of transcription through production of a 
processed protein), perhaps, among other things, by mediating an altered rate of mRNA 
accumulation, an alteration of mRNA transport, and/or a change in post-transcriptional 

20 regulation. 

Accordingly, the use of the term "therapeutic gene" is intended to encompass 
these and any other embodiments commonly referred to as gene therapy and is known to 
those of skill in the art. Similarly, the recombinant adenovirus can be used for gene 
therapy or to study the effects of expression of the gene in a given cell or tissue in vitro or 
25 in vivo. 

In one embodiment, the enzyme component of Gene-Directed Enzyme-Prodrug 
Therapy (GDEPT) may be expressed by the vectors of the invention. GDEPT is an 
approach where the tumor-specific activation of pharmacologically inert compounds 
(prodrugs), by either endog ^nous or specifically introduced exogenous enzymes, brings 
30 tissue selectivity to cancer chemotherapy. 
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Numerous prodrug systems have been developed for GDEPT and the vectors of the 
invention may be used to specifically deliver and express the enzymes in each of these 
systems. Table A sunmiarizes these prodrug systems (Patterson et al. (1999)). 
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Table A 



Prodrug 


Enzyme 


Reference 


6-Methoxypurine arabinonucleoside 


Varicella Zoster thymidine 
kinase 


Huber et al. 
(1991) 


Purine nucleosides, including 
acyclovir, ganciclovir and l-(2'- 
deoxy-2'-fluoro-P-D- 
arabinoftiranosyl)-5-iodouracil 


Herpes simplex thymidine kinase 


Moolten et 
al. (1986) 


6-Methylpurine-2'- 
deoxyribonucleotide 


E. coli purine nucleotide 
phosphorylase 


Sorscher et al. 
(1994) 


5-Fluorocytosine 


£. coli cytosine deaminase 


Mullen et al. 
(1992) and Huber 
etal. (1993) 


Dinitrobenzamide mustard derivatives 


E. coli nitroreductase 


Bridgewater et al. 
(1995), Bailey er 
a/. (1996) and 
Friedlos et al. 
(1997) 


5'-Galactosylates of l-P-D- 
arabinofuranosylcytosine and l-(}-D- 
deoxyribofuranosylcytosine 


£. coli P-galactosidase 


Douglas et al. 
(1991) 


Cyclophosphamide and ifosfamide 


Rat or human cytochrome P450 
2B and 3A 


Chen et al. 
(1996) 


Dinitrobenzamide mustard derivatives 


Human NADPH; cytochrome 
P450 reductase 


Walton et 
al. (1989) 


1 -P-D-arabinofuranosylcytosine 


Human deoxycytidine kinase 


Manome et al. 
(1996) 


5 '-deoxy-5- fl uorouridine 


Human thymidine phosphorylase 


Patterson et al. 
(.1995) 


irinotecan 


carboxylesterase 


Crystal (1999) 



20 As disclosed in the Examples, the invention includes, but is not limited to vectors 

and methods using cytosine deaminase as the enzyme component of GDEPT and 5- 
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Fluorocytosine as the prodrug component. As used herein, however, a "gene whose 
induction modifies the metabolism of a cell" includes any gene capable of in some way 
beneficially modifying or modulating the metabolism of the target cell upon infection by 
the vectors of the invention. 
5 Vectors of the invention for GDEPT therapy may also include other optional 

genes. For instance, at least one copy of a gene encoding orotate 
phosphoribosyltransferase (OPRTase) may be included in vectors of the invention to 
increase the rate of phosphorylation of a fluoropyrimidine and to increase the rate of 
incorporation into nucleic acids as is known in the art. 

10 Pharmaceutical Compositions 

The vectors of the present invention can be employed to contact cells either in vitro 
or in vivo. According to the invention "contacting" comprises any means by which a 
vector is introduced intracellularly; the method is not dependent on any particular means 
of introduction and is not to be so construed. Means of introduction are well known to 

1 5 those skilled in the art, and also are exemplified herein. 

Accordingly, introduction can be effected, for instance, either in vitro (e.g., in an ex 
vivo type method of gene therapy or in tissue culture studies) or by electroporation, 
transformation, transduction, conjugation or triparental mating, (co-)transfection, 
(co-)infection, membrane fusion with cationic lipids, high velocity bombardment with 

20 DNA-coated microprojectiles, incubation with calcium phosphate-DNA precipitate, direct 
microinjection into single cells, and the like. Similarly, the vectors can be introduced by 
means of cationic lipids, e.g., liposomes. Such liposomes are commercially available 
(e.g., Lipofectin™ , Lipofectamine^w ^ and the like, supplied by Life Technologies, Gibco 
BRL, Gaithersburg, Md.). Moreover, liposomes having increased transfer capacity and/or 

25 reduced toxicity in vivo (see, e.g., PCT patent application WO 95/21259) can be employed 
in the present invention. Other methods also are available and are known to those skilled 
in the art. 

According to the invention, a "host" (and thus a "cell" from a host) encompasses 
any host into which a vector or recombinant \ 'rus of the invention can be introduced, and 
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thus encompasses an animal, including, but not limited to, a mammal. Optimally a host is 
a human. 

One skilled in the art will appreciate that suitable methods of administering a 
vector (particularly an adenoviral vector) of the present invention to an animal for 
5 purposes of gene therapy (see, for example, Rosenfeld et al. (1991a); Jaffe et al. (1991); 
Rosenfeld et al. (1991b); and Berkner. (1988)), chemotherapy, and vaccination are 
available, and, although more than one route can be used for administration, a particular 
route can provide a more immediate and more effective reaction than another route. 
Pharmaceutically acceptable excipients also are well-known to those who are skilled in the 

10 art and are readily available. The choice of excipient will be determined in part by the 
particular method used to administer the recombinant vector. Accordingly, there is a wide 
variety of suitable formulations for use in the context of the present invention. The 
following methods and excipients are merely exemplary and are in no way limiting. 

As discussed in the Examples, recombinant viral vectors of the invention may be 

1 5 formulated to achieve a desirable infection rate depending on the tissue, tumor mass, 
location of tumor, enzyme expressed, etc. For instance, in vivo delivery vectors 
comprising a plastin promoter operably linked to a gene whose induction modifies the 
metabolism of a cell may be formulated to achieve an infection rate in neoplastic or tumor 
cells of about 1 or 2%, about 5%, about 10%, about 15%, about 30%, about 50% or about 

20 70% or more, up to an infection rate of about 100%. In vectors to be used in GDEPT 
protocols where cytosine deaminase is the enzyme encoded by a vector of the invention 
and wherein the prodrug is 5-FC, formulations may be prepared to achieve killing of 100% 
of all of the epithelial neoplastic cell lines, when only about 5-50% of the cells are 
infected. 

25 Formulations suitable for oral administration can consist of (a) liquid solutions, 

such as an effective amount of the compound dissolved in diluents, such as water, saline, 
or orange juice; (b) capsules, sachets or tablets, each containing a predetermined amount 
of the active ingredient, as solids or granules; (c) suspensions in an appropriate liquid; and 
(d) suitable emulsions. Tablet forms can include one or more of lactose, mannitol, com 

30 starch, potato starch, microcrystalline cellulose, acac. a, gelatin, colloidal silicon dioxide. 
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croscarmellose sodium, talc, magnesium stearate, stearic acid, and other excipients, 
colorants, diluents, buffering agents, moistening agents, preservatives, flavoring agents, 
and pharmacologically compatible excipients. 

A vector or transfer vector of the present invention, alone or in combination with 

5 other suitable components, can be made into aerosol formulations to be administered via 
inhalation. These aerosol formulations can be placed into pressurized acceptable 
propellants, such as dichlorodifluoromethane, propane, nitrogen, and the like. They may 
also be formulated as pharmaceuticals for non-pressured preparations such as in a 
nebulizer or an atomizer. 

10 Formulations suitable for parenteral administration (including implants) include 

aqueous and non-aqueous, isotonic sterile injection solutions, which can contain 
anti-oxidants, buffers, bacteriostats, and solutes that render the fomiulation isotonic with 
the blood of the intended recipient, and aqueous and non-aqueous sterile suspensions that 
can include suspending agents, solubilizers, thickening agents, stabilizers, and 

1 5 preservatives. The formulations can be presented in unit-dose or multi-dose sealed 
containers, such as ampules and vials, and can be stored in a freeze-dried (lyophilized) 
condition requiring only the addition of the sterile liquid excipient, for example, water, for 
injections, immediately prior to use. Extemporaneous injection solutions and suspensions 
can be prepared from sterile powders, granules, and tablets of the kind previously 

20 described. 

Additionally, a vector of the present invention can be made into suppositories by 
mixing with a variety of bases such as emulsifying bases or water-soluble bases. 
Formulations suitable for vaginal administration can be presented as pessaries, tampons, 
creams, gels, pastes, foams, or spray formulas containing, in addition to the active 

25 ingredient, such carriers as are known in the art to be appropriate. 

The dose administered to an animal, particularly a human, in the context of the 
present invention will vary with the gene of interest, the composition employed, the 
method of administration, and the particular site and organism being treated. However, 
the dose should be sufficient to effect a therapeutic response. 

30 Vectors or nucleic acid constructs of the invention to be used in GDEPT protocols 

may also be packaged with the relevant prodrug and with instructions. The packaged 
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formulations may include a pharmaceutical composition of the invention in a container 
with printed instructions for administration of the composition to a subject or patient. In 
another format, the packaged formulation may contain a pharmaceutical composition with 
general written material indicating or suggesting the use of the composition and any other 
5 compounds or formulations contained therein for treating a patient diagnosed with cancer. 
As discussed in the Examples, the vectors, compositions and methods of the invention are 
particularly useful for the treatment of epithelial cell derived malignancies, including but 
not limited to, ovarian cancers, breast cancers, bladder cancers and the like. 



Methods of Purging Transplantation Samples 

1 0 Currently, cancer patients with gross contamination of the bone marrow with tumor 

cells may be excluded from autologous stem cell transplantation. For instance, PGR 
studies that identify markers for metastatic circulating cells indicate that advanced disease 
breast cancer patients have cancer cells contaminating their bone marrow (Garcia-Sanchez 
1998). Accordingly, there has been an increased interest in procedures that can selectively 

1 5 remove cancer cells from autologous hematopoietic cells before transplantation. 

The vectors and methods of the invention are useful tools to eradicate the presence 
of malignant cells fh)m transplant samples, including autologous hematopoietic cells. For 
instance, vectors of the invention can be used to infect malignant cells contaminating 
hematopoietic reconstituting cells before introduction into the patient. The skilled artisan 

20 can modify any of the available malignant cell purging methods to utilize the vectors, 
viruses, compositions and methods of the invention. Such methods include, but are not 
limited to, the methods discussed by Gee et al. (1995), Hammert et al. (1997), Spitzer et 
al. (1996) and Brugger et al. (1997). 



Without further description, it is believed that one of ordinary skill in the art can, 
25 using the preceding description and the following illustrative examples, make and utilize 
the vector and compositions of the present invention and practice the claimed methods. 
The following working examples therefore, specifically point out preferred embodiments 
of the present invention, and are not to be construed as limiting any way the remainder 
of the disclosure. 
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EXAMPLES 

The following materials and methods were employed in the Examples: 
Cells and Cell Culture: 

Human bladder carcinoma cell lines (J82, EJ) were obtained from The Department 
5 of Pathology of the University of Southern California School of Medicine in Los Angeles, 
CA. The CCD minimal deviation human fibroblast cell and the 293 transformed human 
kidney cell line were obtained from the American Type Culture Collection (ATCC). The 
Hey cystadenocarcinoma papillary ovarian carcinoma cell line was obtained from the 
Department of Therapeutic Radiology of the Yale University School of Medicine. All of 
1 0 these cells were propagated in DMEM (GIBCO-BRL) supplemented with 1 0% heat- 
inactivated new bom calf serum (Hyclone Laboratories Inc., Logan. UT). 

The Nam- 19 rat ovaiy adenocarcinoma cell line, which was derived from a poorly 
differentiated adenocarcinoma, and the Ovcar-5 human epithelial ovary carcinoma cell 
line, were both obtained from the Department of Medical Oncology at the Fox Chase 
1 5 Cancer Center, Philadelphia, PA. These cells were grown in RMPI- 1 640 (GIBCO-BRL) 
supplemented with 10% heat-inactivated new bom calf senmi. 

The human ovary adenocarcinoma cell line (Skov3) was purchased from ATCC 
and was propagated in McCoy 5 A Medium supplemented with 10% heat-inactivated new 
bom calf semm. All cell cultures were maintained in a 5% COj humidified tissue culture 
20 incubator at 37*'C. 

Chemicals and Reagents: 

5-FC, 5FU, fluorescein di-P-D-galactopyranoside (FDG), X-gal (4-bromo-5- 
chloro-3-indoyl-P-galactopyrosanide) were all purchased from Sigma Chemical Co. 6- 
3(H)5-Fluorocytosine(4.1Ci/|imol) and 6-3(H)5-Fluorouracil were purchased from 
25 Noravek Biochemicals Inc. of Brea, CA. Monoclonal antibodies to aVp3 (LM609) and 
aVp5(PlF6) integrins were purchased from Chemicon International. A monoclonal 
antibody to the Coxsackie virus receptor (CAR), which binds the adenoviral fibrillar 
protein, was obtained from the Dana-Farber Cancer Institute, Harvard Medical School, 
Boston, Mass. 
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Construction of Replication Incompetent Recombinant Adenoviral Vectors: 

A replication-incompetent recombinant adenoviral vector was obtained from the 
Cornell Medical School, New York, NY. This vector (Ad-CMV-CD) contained the 
cytosine deaminase gene controlled by a cytomegalovirus (CMV) promoter (Hirschowitz 
5 (1995)). In this vector, a portion of the Ela and Elb gene region of human adenovirus 
serotype 5 had been replaced by the bacterial cytosine deaminase gene which was placed 
under the transcriptional control of the CMV promoter as described previously. A similar 
adenoviral vector ( Ad-CMV-LacZ ) was engineered in our laboratory in which a p- 
galactosidase transcriptional unit was inserted into the Ela and Elb regions (Garcia- 

10 Sanchez a/., 1998). 

The 5Kb L-plastin promoter was truncated to a 2.4Kb fragment, which extends 
from nucleotide -2265 of the 5' region of the L-plastin promoter to +1 8bp from the 
transcription initiation site. The original human L-plastin promoter was derived from the 
PHLPr-p-gal-Neo plasmid ( Lin et at., 1993, 1993b). This truncated L-plastin promoter 

1 5 was used to replace the CMV promoter in the Ad-CMV-CD adenoviral vector, which then 
generates the Ad-Lp-CD and Ad-Lp-LacZ viral vectors. The recombinant adenoviral 
vectors were then purified by cesium chloride (CsCl) gradient density centrifugation. The 
final viral band was diluted 1 :1 with sterile glycerol and stored at -IQPC . The number of 
infectious adenoviral particles, expressed as plaque-forming units (pfti), present in the viral 

20 stocks was determined by limiting dilution assay of plaque formation in 293 cells exposed 
to various dilutions of the vector (Graham et al, 1991; Neer et al., 1996). 

Analysis of Cellular Receptors on Tumor Cells which Participate in Vector Uptake: 
Mouse monoclonal antibodies to the aVpS [LM609] integrin, aVpS [P1F6] 
integrin, and to the CAR receptors were used to detect the density of the human aVP3, 
25 aVp5 and CAR receptors on the cells. J82, EJ, Ovcar-5, Nutu-19, Hey, Skov3 and CCD 
cells were stained with each monoclonal antibody using standard procedures. The FACS 
Star Flow Cytometer (Becton Dickinson) in Yale Cancer Center was used to determine the 
percentage of cell positive for each receptor. 

P-galactosidase A ctivity Assay: 
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X-gal staining: 

Cells were washed in phosphate buffered saline (PBS), trypsinized, and the viable 
cell number counted by Trypan Blue exclusion, using a light microscope. 2x10^ cells for 
each cell line were infected with varying ratios of plaque forming units (pfu) per cell 
5 (MOI) in DMEM supplemented with 2% serum for 90 minutes. Following this, the cells 
were plated in 6 well plates in complete medium in duplicate cultures. Following 48 hours 
of incubation at 37°C in a 5% C02 humidified tissue culture incubator, the cells were 
fixed with ice-cold 2% paraformaIdehyde/0.2% glutaraldehyde for 10 minutes. The level 
of P-gal expression was then assessed by staining the cultures with X-Gal and potassium- 
10 ferrcyanide/ferrocyanide solution essentially as described previously (Couffinhal et al., 
1997; Lawrence et al., 1998). The average number of P-gal expressing (blue) cells per 
well was determined by counting 5 separate microscopic high-power fields and then the 
average of the 5 fields determined. 

1 5 Fluorescein FDG Flow Cytometry Analysis of LacZ Report Gene Expression in Cells 
Exposed to the Ad-CMV-LacZ and Ad-Lp-LacZ Vectors: 

3x10^ cells were exposed for 90 minutes to the Ad-CMV-LacZ or Ad-Lp-LacZ 
vectors at different MOI in DMEM medium supplemented with 2% serum and then 
incubated in complete medium for 48 hours in 6 well plates in tripHcate. Following this, 

20 the cells were subjected to F ACS-gal analysis as described by Roederer a/. ( 1 99 1 ). 
Briefly, after harvesting by centrifugation, the cells were resuspended in SOjil of staining 
medium (RPMI 1640 supplemented with 4% FBS and 10 mM Hepes, pH 7.4) containing 
chioroquine, and incubated for 20 minutes at 37'C. The cells were then exposed to 50^x1 of 
2inM fluorescein di-p-d-galactopyranoside (FDG) for 60 seconds, following which 1 ml of 

25 ice-cold quench solution (staining solution with propidium iodide) was added and the cells 
which were then further incubated on ice for 1 hour. After this, phenylethyl P-D- 
thiogalactopyranoside (PETG) was added to stop the reaction. Then, the cells were 
subjected to FACS analysis. 

The Effect of 5-FU Released from Cytosine Deaminase Vector Infected Cells on 
30 Uninfected Cells: 
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To quantify the effect of 5-FU released from infected cells on uninfected cells, 
different cell lines were infected at varying MOI ( 20MOI, 80MOI, 160MOI ) using the 
Ad-CMV-CD or Ad-Lp-CD vectors. The infected cells and non-infected cells were mixed 
in varying ratios to generate 0, 5%, 10%. 20%, 30%, 40%, 50%, 60%, 100% of infected 
5 cells. Cells then were seeded in triplicate in six well tissue culture plates and incubated for 
24 hours. This was followed by incubation with 5Q0/jimo]/L 5FC for 6 days. Cells were 
then washed with PBS. The number of surviving cells was determined using Trypan Blue 
exclusion (Kianmanesh e/ a/., 1997). 

Comparison of the 5-FU Sensitivity (IC50) of Ovarian Cancer and Bladder Cell Lines 
1 0 with CCD(Minimal Deviation Fibroblast Cell Lines): 

Each cell line was seeded at 3.0x10^ cells/ml in 25cm^ flasks. There were lOmI of 

medium per flask. The flasks were placed at ST'C in a 5% CO^ tissue culture incubator for 

24 hoiu^ to allow the cells to attach to the flask surface before treatment with 5-FU. 

Sufficient numbers of cells were prepared for triplicate assay of experimental samples and 
15 a triplicate control. After 24 hours, cells were treated with the appropriate dose of 5FU, 

with the exception of the controls. All the flasks were placed in the incubator for 96 hours. 

The concentrations of 5FU used to test the IC50 were 1 00, 50, 1 0, 1 , and 0.5^iM. After 96. 

hours, the cells were removed with trypsin-EDTA and cell density calculated using the 

Coulter Counter ZM (Hialeah, FI). 

20 The Toxicity of Adenoviral Vectors: 

2x10* cells were infected with the Ad-CMV-LacZ, Ad-Lp-LacZ, Ad-CMV-CD, or 
Ad-Lp-CD vectors at a MOI of 0, 5, 20, 40, 80 and 160 for 90 minutes, and then seeded in 
six well plates in duplicate. 24 hours later, 0.5mM 5FC was added to each well, and then 
incubated for 5 days. The cells were then trypsinized and the surviving cells were counted 

25 using Trypan Blue exclusion. A 100% value was assigned to the cells incubated at 0 MOI 
and the percentage of viable cells in the cultures to which vector had been added was 
calculated. 
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Vector Studies in Primary Cell Monolayer Culture: 
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Samples of primary tumor, metastatic tumor, and normal peritoneum were 
collected from 16 ovarian cancer patients undergoing diagnostic or therapeutic laparotomy 
and cut into small pieces. These pieces were then digested with collagenase to 
disaggregate the tissue and the resulting cells cultured in RPMI 1640 supplemented with 
5 10% NCS. Samples of ascites were divided into the T25 flasks directly and washed to 
remove debris after cell attachment. All experiments were performed at 80% confluency. 
To measure the percentage of cell expressing p-galactosidase in the sample, the Ad-CMV- 
LacZ or Ad-Lp-LacZ vectors were added to the flasks for 90 minutes in DMEM 
supplemented with 2% serum. After 48 hours of incubation in complete medium, the cells 

10 were studied for infectivity by the vectors by X-gal staining or FACS. To test the 
sensitivity of the patient samples to infection with the Ad-CMV-CD and Ad-Lp-CD 
vectors, the cells were grown in T25 flasks until 80% confluency. The cells were then 
washed in PBS and then exposed to vector directly in the flasks containing DMEM 
supplemented with 2% serum for 90 minutes. The cells were then incubated for 5 days at 

15 500nmol/L 5FC concentration and then the cell viability was determined by light 
microscopic examination. 



Vector Studies on Primary Cell Organ Culture of Ovarian Cancer Cells and Normal 
Ovarian Tissue: 

Normal human ovarian and ovarian tumor tissues were obtained from the operating 
20 room under protocols approved by IRB of the Yale School of Medicine. Immediately 
following excision from the patients, the tissues were washed with minimal essential 
mediiun (DMEM/Ham's F12 ). Each specimen was then cut into pieces of approximately 
1-2 nun^, and immersed in 4ml of DMEM/Ham's F12 medium, which was supplemented 
with 10% charcoal-stripped serum (Sape et al., 1998). Cultures were incubated at 2TC in 
25 6 well plates on a shaking platform for 24-48 hours, after which, the tissues were exposed 
to the Ad-CMV-LacZ, Ad-LP-lacZ, Ad-CMV-CD or Ad-LP-CD viral vectors for 90 
minutes in senmi free medium. The tissues were then washed with PBS. The Ad-CMV- 
CD and Ad-LP-CD viral vectors containing wells were then incubated with 0.5 mM 5-FC, 
at 48-72 hours of incubation. The cultured tissues were then fixed in O.C.T. X-Gal 
30 staining was used to measure the Ad-CMV-LacZ and Ad-LP-LacZ expression on slides. 
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The AD-LP-CD and Ad-CMV-CD infected tissues were also fixed in O.C.T. and stained 
with hematoxylin/eosin. The structure and morphology were observed on slides. 



Vector Studies in SCID Mice: 

Ovcar-5 tumor cells were infected at 100 MOI with either the Ad-LP-LacZ or Ad- 
5 Lp-CD viral vectors for 60 minutes, then washed with PBS, and then suspended in PBS 
(4x10' cells/ 1 ml PBS). Ten 6-8 week old female SCID mice (25-28 grams in weight), 
which were purchased from Cox, Inc., Cambridge, MA, were injected intraperitoneally 
with one million Ovcar-5 ovarian carcinoma cells previously infected at 100 MOI with the 
Ad-Lp-LacZ vector (Molpus et al, 1996). An additional ten 6-8 week old 26-28 gram 

1 0 mice were injected intraperitoneally with Ad-LP-CD infected cells. From the second day, 
all of the 20 mice were injected once a day with 5-FC in 500 mg/kg intr^eritoneally for 
10 days. After 3 weeks of txunor cell injection, the 10 Ad-LP-LacZ injected mice and the 
7 Ad-LP-CD injected mice were sacrificed and autopsied. At the 50th day, another 3 Ad- 
LP-CD injected mice were sacrificed and autopsied. 

1 5 Another 1 0 female Swiss nude mice of 6-8 weeks old (26-28 grams) were injected 

with one million Skov3 ovarian adenocarcinoma cells. 5 mice were injected with Skov 3 
cells infected with Ad-Lp-CD at 80 MOI. 5 mice were injected Skov 3 cells infected at 80 
MOI with the Ad-LP-LacZ vectors (4x10' cell/ml PBS per mouse). Then, 500mg/kg 5FC 
were injected intr2q>eritoneally daily for 10 days into the 10 mice. 3 weeks later, the mice 

20 were sacrificed and autopsied. 

Sxampjg 1 

Correlation of Infectivity by Adenoviral Vectors and Levels of CAR and Integrin Receptor 
Expression in Cancer and Minimal Deviation Cell Lines 

The integrin aVps receptor, and the coxsackie adenovirus receptor (CAR) have 
25 been reported to play an important role in adenovirus infection (Bergelson et al., 

1997,1998; Roelvink et al., 1998, Wickham et al.. 1993,1994). Differences in the integrin 
receptor expression levels and the functional state of these receptors may explain 
differences in the sensitivity to infection by the adenoviral vector observed in established 
tumor cell lines. Therefore, the level of expression of the integrin and CAR receptors was 
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evaluated in the Nutu-19, Ovcar-5, Skov3, Hey, EJ, J82, and C CDD ceil lines (Tablel). 
The alpha V beta 5 and CAR receptor levels appeared in our data to correlate with the 
ability of cells to take up the Ad-CMV-LacZ vector and to express the Lac Z reporter 
gene. For instance, very low levels of LacZ expression were observed in the Hey cell line 
5 in which the CAR was undetectable. The low level of CAR in Nutu- 1 9 is an artifact due 
to the non reactivity of the antibody to the hiunan CAR with the rat CAR. The rest of the 
cell lines which were infectable by the Ad-CMV-LacZ, as judged by the high level LacZ 
expression, had substantial levels of CAR detectable. This suggested that the CAR 
receptor was important to vector infection in cell lines. 

1 0 It was also discovered that low levels of the aVP3 and aVps receptors in the cell 

lines with lower level of LacZ expression were seen when we restrict our analysis to cell 
lines with substantial level of CAR ( Ovcar-5, Skov-3, EJ, J82), The low level of the 
aVp3 in Nutu-19 cell line may again reflect the divergence of the rat receptor from which 
of the human receptor, making the detection of this receptor in the rat cell with an anti- 

1 5 human antibody difficult. Thus, the most important receptors for Ad-CMV-LacZ 
infectivity and transgene expression appeared to be the CAR and alpha V integrin 
receptors. 

Example 2 

Comparison of Lac Z Gene Expression Levels in Cell Lines Infected with the Ad-CMV- 

20 LacZ and Ad-Lp-LacZ Vectors: 

In order to determine if the L-plastin promoter was selectively more active in 
epithelial neoplastic (ovarian and bladder cancer) cell lines than in minimal deviation 
fibroblast cell line (CCD), we tested for the percentage of cells in which the presence of 
LacZ was detectable in the Nutu-19, Ovcar-5, EJ, J82, Skov3, Hey and CCD cell lines 

25 following exposure to the replication incompetent adenoviral vectors which carry the LacZ 
transcription unit driven either by the L-plastin promoter (Ad-Lp-LacZ) or the CMV 
promoter (Ad-Lp-LacZ). We then calculated a ratio of the percentage of cells positive for 
LacZ in the CMV to the LP transcription unit vectors, to normalize the data for differences 
in each cell line. As shown in Table 2, the ratio of CMV to LP expression 5 days 

30 following exposure to each vector at 80 MOI was high (10/1) with the CCD as compared 
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to the epithelial neoplastic cell lines (4/1, 1/1, 1.4/1, and 1/1). These data suggest that the 
L-plastin promoter is more active in epithelial neoplastic cell lines than in minimal 
deviation fibroblast cell lines. This data is also presented in Figure 1, in which the 
percentage of cells positive for LacZ in the CCD cell line is compared to the EJ bladder 
cancer cell line. 

Table 2. The Positive Percentage of LacZ Gene Expression 



10 



15 



Ad-CMV-LacZ 



Ad-Lp-LacZ 



Day3 DayS Day3 Day5 

20MOI 80MOI 20MOI 80MOI 20MOI 80MOI 20MOI 80MOI 



Ovcar-5 


65 


80 


10 


35 


10 


35 


1 


8 


Skov3 


85 


95 


15 


40 


25 


60 


8 


35 


Hey 


10 


35 


5 


10 


0 


2 


0 


0 


EJ 


95 


100 


45 


85 


55 


95 


45 


60 


J82 


90 


100 


15 


35 


20 


55 


7 


35 


CCD 


70 


95 


12 


55 


3 


8 


2 


5 



Light Microscopic Study of the LacZ gene expression levels in different cell lines and 
20 time. 1 .4x 1 0* cells were infected at 20 and 80 MOI with Ad-LP-LacZ or Ad-CM V-LacZ 
virus vector for 90 minutes. Then the cells were incubated in duplicate 6 well plates and 
after 48 and 96 hours the X-Gal staining was performed. The positive cells were counted 
in the high powered field of the light microscope (percentage). 



25 Example 3 

Time Course of Expression of Adenoviral Transgenes after Infection: 

Cells were washed in phosphate saline buffer , and the cell number was determined 
by Trypan Blue exclusion. The Ad-CMV-LacZ and Ad-LP-LacZ vectors were used at 
different MOI to infect 6x10' cells for 90 minutes. The cells were then seeded in 6 well 
30 plates in duplicate and then stained by the X-Gal reaction at 2, 3, 4, 5, 6, and 7 days 
following the infection to measure the positive cells. The expression of the transgene 
following exposure to the Ad-CMV-LacZ vector quickly reached a maximum and 
persisted at that level for 3-5 days (80MOI) before it started to decrease. When a lower 
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MOI (5M0I) was used, the maximum expression level persisted in a shorter time. Ceils 
infected with the Ad-Lp-LacZ vector reached a maximum level of expression much later 
but ultimately reached a maximum expression at day 3 (80MOI)- In the EJ cell line, the 
L-plastin driven LacZ gene cell line reached an expression level that was as high as seen 
5 when the vector carrying the CMV promoter was used (see Figure 2). 

Example 4 

Studies in Cell Lines of the Effect of 5-FU Released from Infected Cells on Non-Infected 
Cells: 

In order to monitor the effect of 5FU released from infected cells on the survival of 

1 0 non-infected cells, mixtures of infected and non-infected cells were generated and then 
exposed to 5FC. When as few as 5% of the population of cells infected with Ad-CMV- 
CD (20MOI) vectors were mixed with 95% of uninfected cells, the majority of the cell 
lines exhibited complete eradication when cells were exposed for 6 days to 5FC at a 
SOOnmol concentration (see Figure 3A). This suggests that only a few of these cells need 

15 to be infected with the Ad-CMV-CD adenoviral vector to generate sufficient levels of 5FU 
which are required to kill the vast majority of uninfected tumor cells. Figure 3B, the EJ 
cells can reach almost the same level of cell kill with the Ad-Lp-CD vector as with the Ad- 
CMV-CD vector. This suggests in this cell line, that the LP promoter generates a peak 
level of CD expression that is equivalent to that the EJ cells can reach almost the same 

20 level of cell kill with the Ad-Lp-CD vector as with the Ad-CMV-CD vector. This 
suggests in this cell line, that the LP promoter generates a peak level of CD gene 
expression that is equivalent to that reached with the CMV promoter. In some cell lines 
which were less infectable with the adenoviral vectors ( see Table 1), an increase in the 
MOI was required to achieve the same level of cell kill with the Ad-Lp-CD as compared 

25 with the Ad-CMV-CD {e.g. Ovcar-5 in Figure 3A). However, no matter how high the 
MOI was taken, 100% cell kill was never reached with the Ad-Lp-CMV vector with the 
CCD cell line, whereas 100% cell kill was achievable with the Ad-Lp-CD vector in all of 
the epithelial neoplastic cell lines tested (see Figure 3A). 
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Table 1. The Relationship Between CAR, aVp3, aVps Expression Level and 
Infectivity by the Ad-CMV- LacZ Vector as Measured by LacZ Expression 



aVp3 aVps CAR Ad-CMV-LacZ 

5 Ovarian Cancer Cell Lines: 

Nutu-19 17.37 93.79 10.2* 100 

Ovcar-S 47.71 57.15 88.07 65 

Skov3 63.75 91.2 87.25 85 

10 

Hey 81.3 96.3 0.0 10 



Bladder Cancer Cell Lines: 

EJ 82.73 81.53 94.7 95 

15 J82 55.8 77.9 80.3 88 



Minimal Deviation Cell Line: 

CCD 62.8 92.8 29 70 

-20 aVP3, aVps and CAR ( coxsackievirus-adenovirus receptor) monoclonal antibodies and 
the FETC conjugated Anti-Mouse antibody were used to stain the cells. Then, FACS 
analysis was used to detect the percentage of the positive cells. *Low value probably due 
to nonreactivity of the mouse antihuman CAR monoclonal antibody used. 



Example 5 

25 Study of the Toxicity of the Vector Backbone: 
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In order to test how much of the toxicity seen in Figure 3 was due to the vector 
backbone and how much was due to the CD transcription unit, the cell lines were first 
infected with the AD-CMV-CD, Ad-CNfV-LacZ, Ad-Lp-CD or Ad-Lp-LacZ vectors at 
different MOI. Following this, the cell lines were incubated in medium supplemented 
5 with SOOjiM 5-FC for 5 days. As shown in Figure 4, no toxicity was seen at an 80 MOI 
with the Ad-CMV-LacZ or Ad-Lp-LacZ vectors. In contrast, 100% of Nutu-19 cells and 
100% of EI cells were killed even at a MOI of 20 with the Ad-Lp-CD vectors (see Figures 
3 and 4). 50% of Ovcar-5 were killed at a MOI of 20. Thus, the toxicity seen in these 
experiments was not due to the viral backbone, but due to the effect of the CD 
1 0 transcription units on the conversion of 5FC to 5FU. In contrast, 50% of the CCD cells 
survived, even at a MOI of 160, when the Ad-LP-CD vector was used (see Figure 4). 
Thus, greater cell kill which was specific to the Ad-Lp-CD/5FC system was seen in the 
ovarian carcinoma cell lines as compared to the CCD fibroblast cell line. 



1 5 5FU Sensitivity of Each Cell Line Expressed as IC50: 

Since the sensitivity to the Ad-Lp-CD vector/5 FC system might be due to the 
intrinsic sensitivity of each cell line to 5FU and not due to the level of expression of Lp 
regulated genes, we decided to test the intrinsic sensitivity of each cell line to 5FU. 3x10' 
cells were seeded in T25 flasks in triplicate, and incubated for 96 hovas at different 5FU 

20 concentrations. The number of cells was remaining was calculated using a Coulter 
Counter. The IC50 to 5FU for J82 is 55|iM, EJ is SOjiM, Nutu-19 is 5nM, Ovcar-5 is 
3^M, Skov3 is 22jiM , Hey is 85nM and CCD is l5pM. The resistance of the CCD 
fibroblast cell line to the effect of the Ad-Lp-CD vector with 5FC treated is not due to a 
high level of resistance to 5FU, since this cell line has one of the lowest IC50 to 5FU. 

25 Thus, the resistance of this cell line to 5FC sensitization with the Ad-Lp-CD vector is due 
to the low level of CD expression with the Lp promoter in this cell line. 
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Example 7 

LacZ Expression in Monolayer Cultures of Samples Obtained at Surgery from Normal 
Peritoneum and Metastatic Implants of Ovarian Cancer Following Exposure to Ad-Lp- 
LacZ and Ad-CMV-LacZ Vectors: 
5 Samples of metastatic tumor and normal peritoneum were collected from 1 6 

ovarian cancer patients undergoing diagnostic or therapeutic laparotomy. This tumor was 
cut into small pieces. These pieces were then digested with coUagenase to dissagregate the 
tissue. The resulting cells were then cultured in RPMI-1640 supplemented with 10% 
NCS. Following cell culture, cells were exposed at a MOI of 20 to the Ad-CMV-LacZ 
1 0 vectors in the flasks for 90 minutes. After 48 hours incubation, the infected cells were 
measured by X-gal staining or FACS. All experiments were performed at 80% 
confluency. As shown in Figure 5, staining of these cultures in situ showed blue color in 
all but the cultiu-e of normal peritoneum which had been exposed to the Ad-Lp-LacZ 
vector. 

1 5 The percentage of X-gal positive cells in different patient samples following 

exposure to the Ad-CMV-LacZ vector, as determined by FACS, was calculated to be: 
ascites: 50-80%; primary tumor: 50-90%; metastatic tumor: 45-85%; and normal 
peritoneum: 60%. When cells exposed to the Ad-Lp-LacZ at a MOI of 80, the X-Gal 
staining in ascites was 10-35%; primary nimor 15-60%; metastatic tumor 15-45%; and 

20 normal peritoneum 1%. As shown in Table 3, the ratio of X-gal staining with CMV/LP 
vectors was highest with the normal peritoneum (60/1), whereas this ratio was in the range 
of 1/1 to 3/1 in the case of ovarian cancer and peritoneum or mesothelia analysis. This 
indicates that the normal peritoneum is less able to support the expression of transgenes 
driven by the LP promoter than in ovarian cancer cells. 
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Table 3. LacZ Transgene Expression Efficiency in Primary Culture of Ovarian Cancers 
Ascites Primary Tumor Metastatic Tumor Normal Peritoneum 



Pgal 


X-Gal 


50-80% 


50-90% 


45-85% 


60-80% 


5 


FAGS 


95% 


94% 


94% 




Pgal 


X-Gal 


10-35% 


15-60% 


15-45% 


1-4% 




FACS 


39% 


83% 


38% 





Samples of primary tumor, metastatic tumor and normal peritoneum were collected from 
10 16 ovarian cancer patient undergoing diagnostic or therapeutic laparotomy and cut into 
small pieces. These pieces were then digested with coUagenase to produce tissue 
disaggregation and the resulting cells cultured in RPMI with 10% NCS. All experiments 
were performed at 80% confluency. Samples of ascites were divided into the T25 flasks 
directly and washed to remove debris after cell attachment. Cells were infected in the 
1 5 flasks for 90 minutes, after 48 hours incubation the positive cells were measured by X-gal 
staining or FACS. 

Cytotoxicity ofAd-CMV-CD and Ad-Lp-CD Vectors in Monolayer Cell Culture of Normal 
Peritoneum and Ovarian Cancer from Surgical Specimens: 

20 Samples of primary tumor, metastatic tumor and normal peritoneum were collected 

from 16 ovarian cancer patients, and samples were prepared with the same methods as 
described previously. As shown in Table 4, when the cells were infected with the CD 
vectors and incubated for 5 days in the presence of SOOfjM 5FC in T25 flasks, 98% ascitic 
cells with Ad-CMV-CD and 85% were killed with Ad-Lp-CD vector. In the primary 

25 tumor cells, 90% of the cells were killed with Ad-CMV-CD vector and 75% were killed 
with Ad-Lp-CD vector. In metastatic cells, 85% were killed by the Ad-CMV-CD vector 
and 70% were killed by the Ad-Lp-CD vector. When the patient sample cells were grown 
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in T25 flasks and infected with the CD vectors at an 80 MOI and incubated in 500^mol 
5FC, the 5FC to 5FU conversion was evaluated by HPLC. The 5FU conversion 
concentration reached about 400^mol with the Ad-CMV-CD vector and 20Mmol with the 
Ad-Lp-CD vector. This data suggests that the LP vectors will be useful since the IC50s of 
5 most primary ovarian cancer cells is in the 5 nmol range. 

Table 4. Cytotoxicity in Monolayer Culture of Normal Peritoneum and Ovarian Cancer 
Cells Following Expression to Ad-Lp-CD and Ad-CMV-CD Vectors and 5FC 



Ad-CMV-CD Ad-Lp-CD 

10 

Ascites 98% 85% 

Metastatic Tumor 85% 70% 

5-FU concentration 400^mol 20^imol 



1 5 In Ad-CMV-CD and Ad-Lp-CD infected samples, SOOnMol 5-FC were added and 
incubated for 5 days, then the cells killing percentage were estimated by compared with 
the uninfected control flasks. The 5-FC to 5-FU conversion was done in metastatic tumor 
cells with 500jimol of 5-FC incubated for 5 days and the HPLC was used to test the 5-FU 
concentration. 



20 Example 9 

Studies of CD and LacZ Vectors in Organ Cultures of Normal Ovary: 

The samples of normal ovary and ovarian carcinoma and normal peritoneum were 
cut into small pieces and were then cultured for 24-48 hours, infected with either the Ad- 
CMV-LacZ or the Ad-LP-LacZ vectors for 48 hours, and then the cells were processed 
25 with the X-gal staining reaction. As shown in (Figure 6), there is much stronger blue 
staining in the outer edges of the cell mass in the organ cultures of normal ovarian tissue 
with the Ad-CMV-LacZ vector than with the Ad-Lp-LacZ vector. 



Killing of Ovarian Cancer Tumor Cell Lines by 5FC/CD Vector System in Nude Mice: 



wo 00/33655 



PCT/US99/28613 



-29- 



10 



15 



20 



In order to test the in vivo efficacy of the Ad-Lp-CD rephcation incompetent 
vector system, we infected either the Skov3 at 80 MOI or the Ovcar-5 cell lines ex vivo at 
100 MOI by incubating the cells for 60 minutes. Then we injected 40 milUon of these 
infected cells into either 10 SCID mice with Ovcar-5 or 5 SCED mice with Skov3 ovarian 
carcinoma cell lines. One day after the injection of the tumor cells, we initiated daily 
intraperitoneal injections of each of the animals with 500mg/kg 5FC to generate peak 
intraperitoneal 5FC concentrations. We carried on the daily intraperitoneal injections for 
10 days after the tumor injection. We then sacrificed 7 of the Ovcar-5 injected mice and 
all 5 of the Skov3 injected mice and examined the peritoneal cavity for tumors at day 2 1 . 

The remaining 3 Ovcar-5 mice were not sacrificed at 2 1 days were sacrificed at 
50th days after tumor injection. All of these animals were firee of detectable tumor 
nodules, either at the gross morphological level or at the histopathological level. The 
peritoneal surface was totally normal in these animals both at the gross and microscopic 
level, showing no sign of mononuclear cell inflammation. In contrast, as shown in Table 
5, all 10 of the Ovcar-5 and all 5 of the Skov3 animals injected with 40 million tumor cells 
infected with the backbone virus Ad-Lp-LacZ had remarkable sign of tumor cells, either at 
the gross level or at the microscopic level. This data shows that the toxic effect of the 
vector/5FC system is specific for the tumor cells, and that there is no bystander effect 
damage on the normal cells of the peritoneum. 

Table 5. Tumor Growth In Animals Injected with Adenoviral LP Vectors 



Ad-Lp-LacZ infected 



Ad-Lp-CD infected 



Ovcar-5 (lOOMOI) 
Skov3 (80MOI) 



5/5 (100%) 



10/10(100%) 



0/10(0%) 
0/5 (0%) 



The SCID mice were injected with 40 million Ovcar-5 or Skov3 tumor cells which 
were infected with Ad-Lp-LacZ viral vector or Ad-Lp-CD viral vector. From the second 
day 50.'>mg/Kg 5-FC was injected each day for 10 days. Animals were autopsied at 21 
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days after tumor cell injection and the tumor nodules in the peritoneal cavity were 
measured. 

Example 1 1 

Preparation of conditionally replication competent adenovirus vectors. 
5 To produce a conditionally replication competent adenovirus vector an adenoviral 

vector was assembled with the tumor specific L-plastin promoter controlling the 
adenoviral El A gene which the virus needs to replicate within cells. These vectors are 
designed to replicate within the tumor cells but not the nonnal cells, and therefore be 
directly toxic to the cancer cells, such as ovarian cancer cells, without damaging the 

1 0 normal cells which line the cavity of the body in which the ovarian cancer cells grow. In 
the assanbiy strategy employed, the method of homologous recombination in bacterial 
cells which has recently reported by He et al. (1 998) was used. A shuttle vector was 
constructed which contains the left hand inverted terminal repeat, and packaging signal 
nucleotides 1-480, and 512-5798 of Ad5, the L-plastin/El A transcription unit, and AdS 

1 5 nucleotides 34,93 1-35,935, which mediate homologous recombination with the larger 
adenoviral backbone vectors (pAdEasy-1). The ITR and packaging signal sequences are 
needed for generation or production of the vector in mammalian producer cells. The Ad 
nucleotides 512-5798 and 34,931-35,935 are needed for homologous recombination with 
the larger vector. This shuttle vector also contains a kanamycin resistance sequence and 

20 an origin of replication of the PBR322. 

The addition of vectors in which the L-plastin promoter controls the El viral 
replication genes to cultures of ovarian cancer cell lines results in the death of these cells 
as compared to a similar culture not exposed to the L-plastin El vector. The same vectors 
do not cause the CCD minimal deviation cell line, which resembles the normal peritoneal 

25 lining cells, to round up any more than cultures not exposed to the L-plastin E 1 vector. 
These data indicate that the L-plastin El adenoviral vectors which replicate in tumor cells 
but not in normal cells, and express their therapeutic transgenes in tumor cells but not in 
normal cells, are useful in the killing of ovarian cancer cells in human patients. In 
addition, these data indicate that the vectors will not be toxic to the normal cells of the 

30 patients. 
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Assembly of the Ad.Lp.El A/CD adenoviral vector in which the cytosine deaminase is 
attached to the EI gene, and both genes are driven by the L -Plastin promoter. 

The following assembly strategy utilizes the method of homologous recombination 
5 in bacterial cells of He er at. ( 1 998). In this method, a shuttle vector is constructed which 
contains the left hand inverted terminal repeat, and packaging signal nucleotides 1-480, 
and 512-5798 of Ad5, the L-plastin-El/CD transcription unit, and Ad5 nucleotides 34,93 1- 
35,935, which mediate homologous recombination with the larger adenoviral backbone 
vectors (pAdEasy-1). 
10 The steps are as follows: 

-PCR synthesis of a 5.2 Kb fragment on Ad5DNA as template, which includes 
nucleotides 512-5798 (El and E2 genes). This fragment has ?me VSal I sites at either end 
for directional cloning. 

-Cloning of the El PCR fragment into the pCRII vector, using the TA Cloning Kit 
1 5 for PCR fragments. Attachment of the IRES/CD gene to the E 1 A. 

Pme I/Sal I double digest of El/CD PCR product. Pme VSal I double digest of the pShuttle 
vector from He et al. ( 1 998). 

-Ligation reaction between the Sal VPme I digested large fitigment of the pShuttle 
and the Sal VPme I fragment containing El , producing pAD shuttle vector. 
20 -Digest pAD shuttle vector with Not I (nt 492) and Sal I (nt 526). Then, insert with 

directional cloning the 2.4 Kb L-Plastin promoter shown by Chimg et al. (1999) to 
produce tumor specific expression of heterologous reporter genes. Also construct another 
shuttle with the CMV promoter as a Mot l/SaH fragment at the site of the El promoter. 
This shuttle vector is designated pADCMVElA/CD. 
25 -Digest the pad shuttle with Me I. This produces an open linear form of DNA 

suitable for homologous recombination with pAdEasy-1 which contains the rest of the 35 
Kb of adenoviral sequences. 

-Electroporate a 10/1 ratio mixture of the Pme I digested open linear form of the 
pADE12.4LPElA/CD shuttle vector to the supercoiled form of pAdEasy-1 of 10/1 into the 
30 BJ5 1 82 E. colt competent cell host strain. Those clones grown up in kanamycin, which 
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appeared to be recombinant, then were electroplated into the DHIOB Rec A positive 
bacterial host strain. 

-The plasmid DNA is isolated and analyzed by restriction endonuclease digestion. 
Those clones shown to be recombinant, are then transfected into the 293 cells after Pac 1 
5 digestion, and the vinis isolated from the lysate after one week's amplification. Following 
titering, the viral particles are ready for purification by cesium chloride density gradient 
ultracentrifiigation. 

-The Lp-El A transcription unit is attached to a CD gene by a IRES linker to 
produce a bi-cistronic transcription unit under the control of the L-plastin promoter. 



10 Example 13 

Purging of autologous hematopoietic cell samples. 

To evaluate the ability of the vectors of the invention to purge bone marrow 
samples of neoplastic cells, a mixture of 2xlO*MCF-7 cells (a breast cancer cell line) in a 
100-fold excess of HL60 cells was exposed to the CD adenoviral vector (400MOI) for 90 

15 minutes; the ceils were then subjected to 10-foId serial dilutions and plated overnight. The 
nonadherent cells were rinsed away, and the cells were incubated in 500 ^mol/L 5-FC for 
14 days. In a second experiment, we made a mixture of 9x10^ MCF-7 cells and 7x10' 
HL60 hematopietic cells, exposed the cells to the cytosine deaminase vector (200MOr) for 
90 minutes, plated the cells directly or after serial dilution by factors of 10 up to 

20 1/1,000,000 and the incubated overnight, rinsed off the nonadherent cells and incubated 
the cells for 14 days in 500jiMol/L 5-FC. Colony counts at the end of this period, even in 
the flask that were inoculated with 10^ NMCF-7 cells, showed no colonies detectable even 
in the undiluted cultures, in which the cells have been exposed to the cytosine deaminase 
vector and incubated in 5-FC. See Table 6. 

25 To test the effect of the 5-FC/CD adenoviral system on the viability of the more 

primitive hematopoietic cell, marrow cells collected from 5-FU-treated male donor mice 
were exposed to the cytosine deaminase adenoviral vector for 90 minutes. We then 
incubated the marrow cells for 4 days in serum- free medium (QBSF 58 medium) 
supplemented with 100 ng/nL stem cell factor and 500 fxmoVL 5-FC. One to two million 

30 of these cells were then used in the transplant into lethally irradiated female mice. Sixty- 
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eight percent of the mice survived the transplant. As shown in Fig. 7, most of the deaths 
occurred before day 10 after transplantation are usually ascribed to infection or radiation 
toxicity, rather than to failure to engraft. Thus, most of the hematopoietic reconstituting 
cells survived the in vitro incubation with 5-FC after exposure to the cytosine deaminase 
5 adenoviral vector. 

Because of earlier data indicating a 1 million fold reduction of the BCC in an 
excess of hematopoietic cells was achieved by incubation of the cytosine deaminase vector 
exposed cells to 10 or more days of 5-FC incubation (see Table 6), we also used the mouse 
model to test whether CD adenoviral-infected cells, exposed to 14 days of 5-FC 

10 immediately after infiision, would maintain the reconstituting capability. One to two 
million of these cells were used in the transplant into lethally irradiated female recipient 
mice. As shown by the data in Table 7, the survival of the mice undergoing 
transplantation with vector-exposed cells with or without the posttransplantation 14-day 
infiision of 5-FC, at intraperitoneal doses of 5-FC that generate 500 yumol/L peak serum 

1 5 concentrations, was not significantly different fi-om the survival of mice undergoing 
transplantation with vector-exposed cells without 5-FC treatment (Table 7). 

Individual posttransplantation white blood cell counts (WBC) and differential 
counts performed in all animals in each group (transplants with cells exposed to vector 
followed by 4 days of in vitro 5-FC exposure) showed no differences in leukocytes, 

20 lymphocytes, platelets, or hematocrit volumes among the different transplant groups when 
determined at 2 or 6 months after transplantation (data not shown). These data suggest 
that the grafts are stable in all of the treatment groups. 

To measure specifically whether the male donor cells that were exposed before 
transplantation in vitro to the cytosine deaminase adenoviral vector followed by 4 days of 

25 pretransplantation in vitro exposure to 5-FC or exposed to the vector before transplantation 
followed by 14 days of posttransplantation 5-FC exposure could stably repopulate the 
female recipient lethally irradiated mice, lethally irradiated female recipient mice 
transplanted with Ad.CMV-CD-exposed cells exposed to 5-FC either before or after 
transplantation were killed 1 to 6 months after transplantation. Then, G-banding 

30 cytogenetic analysis for the Y chi imosome was performed on the bone marrow cells from 
these animals. We performed this analysis both for the animals transplanted with vector- 
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exposed cells that either were incubated in vitro for 4 days in QBSF58 serum-free medium 
supplemented with 500 ^mol/L 5-FC (2 animals at 1 to 2 months after transplantation) or 
were exposed after transplantation in vivo to 5-FC for 14 days (4 animals at 6 months after 
transplantation). 

5 Because all transplants involved the infusion of male donor cells into lethally 

irradiated female recipients, we were able to use cytogenetics to test stable and complete 
engraftment of the Ad.CMV-CD and 5-FC-treated cells. All of the metaphase spreads 
studied for each of 2 fecal recipient animals 1 and 2 months after transplantation showed 
100% of the cells as donor male cells. In addition, greater than 99% of the metaphases 

1 0 studied at 6 months in both groups (4 days of in vitro 5-FC exposure in QBSF5 8 serum- 
free medium before transplantation or 14 days of posttransplantation 5-FC in vivo 
exposure) showed a male karyotype. These results demonstrate that the engrafting 
capability of the male reconstituting hematopoietic cells was not affected by the 
pretransplantation Ad.CMV-CD exposure followed by either 4 days of pretransplantation 

15 5-FC in vitro or 14 days of posttransplantation in vivo 5-FC administration. All of these 
data show that a sufficient number of the hematopoietic reconstituting cells survived the 5- 
FC/adenoviral vector exposure to generate complete and stable engraftment in lethally 
irradiated female recipients. 
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Serial 10-fold dilutions of the cell were followed by plating over-night and rinsing off of 
the non-adherent cells. The adherent cells were then incubated in 500 /imol/L 5-FC for 10 to 14 
days. The colonies were then counted. One colony equals 20 cells. 



Abbreviations: TMTC, too many to count; CDAV, cytosine deaminase adenoviral vector. 
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Table 7. 



Transplantation of Marrow Cells Exposed Before 

Transplantation to Cytosine deaminase Adenoviral Vector Followed 

by Posttransplantation in Vivo Exposure to 14 Days of 5-FC 



Animal Survival 



Posttransplantation 



XRT alone 



32% (8/25) 



5 



XRT/FBM 



80% (20/25) 



XRT/FBM/5-FC 



74% (11/15) 



XRT/FBM/5-FC/AD 



72% (18/25) 



Results of engraftment (survival) after transplantation with vector-exposed cells 
followed by 14 days of posttransplant 5-FC (each dose is sufBcient to generate a 2-hour 
10 peak level of 500 >umol/L). 

Abbreviations: XRT, total body irradiation; FBM, fresh bone marrow without 
incubation; AD, CD adenoviral vector. 

Although the present invention has been described in detail with reference to 
examples above, it is understood that various modifications can be made without departing 
1 5 from the spirit of the invention. Accordingly, the invention is limited only by the 
following claims. All cited patents and publications referred to in this appUcation are 
herein incorporated by reference in their entirety. 
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Wtaat is claimed is: 

1 . An m vivo delivery vector comprising a plastin promoter operably linked to 
a gene whose induction modifies the metabolism of a cell. 



2. The vector of claim 1, wherein the plastin promoter is a human plastin 
5 promoter. 

3. The vector of claim 1 , wherein the plastin promoter comprises at least one 
transcriptional control element selected from the group consisting of a progesterone- 
responsive element and estrogen-responsive element. 



4. The vector of claim 1, wherein the upstream region comprises a nucleotide 
1 0 sequence extending from about -2265 of the 5' region of the L-plastin promoter to about 

the transcriptional initiation site of the L-plastin gene or Augments thereof 

5. The vector of claim 1 , wherein the vector is replication deficient. 

6. The vector of claim 1 , wherein the vector is conditionally replication 
competent. 

1 5 7. The vector of claim 6, wherein the vector conditionally replicates within 

neoplastic cells. 

8. The vector of claim 7, wherein the vector does not replicate within normal 
epithelial cells. 

9. The vector of claim 8, wherein the vector comprises the El adenovirus 

20 gene. 



10. 

vector. 



The vector of any one of claims 1-9, wherein the vector is an adenovirus 
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1 1 . The vector of claim 10, wherein the gene encodes a molecule that 
metabolizes or activates a prodrug. 

12. The vector of claim 11, wherein the gene is selected from the group 
consisting of a thymidine kinase, cytosine deaminase, a purine nucleotide phosphorylase, a 

5 nitroreductase, P-galactosidase, a cytochrome P450 reductase, a deoxycytidine kinase, a 
carboxylesterase and a thymidine phosphoryJase. 

13. The vector of claim 12, wherein the vector additionally comprises a gene 
encoding an OPRTase. 

14. The vector of claim 12, wherein the thymidine kinase is the herpes simplex 
1 0 or varicella zoster virus thymidine kinase. 

15. The vector of claim 12, wherein the purine nucleotide phosphorylase is an 
E. coli purine nucleotide phosphorylase. 

16. The vector of claim 12, wherein the nitroreductase is an E. coli 
nitroreductase. 

15 17. The vector of claim 1 2, wherein the cytochrome P450 is a rat or human 

cytochrome P450. 

1 8. The vector of claim 12, wherein the deoxycytidine kinase is a human 
deoxycytidine kinase. 

19. The vector of claim 12, wherein the a thymidine phosphorylase is a human 
20 a thymidine phosphorylase. 



20. A method of sensitizing tumor cells to a chemotherapeutic agent, 
comprising the step of: 
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(a) infecting at least a fraction of the tumor cells with a vector of claim 1 1. 

2 1 . The method of claim 20, further comprising the step of: 

(b) administering a prodrug. 

22. A method of removing cancer cells from bone marrow or peripheral blood 
5 mononuclear cells comprising the step of: 

(a) infecting at least a fraction of the tumor cells with a vector of claim 1 1 . 

23. The method of claim 22, further comprising the step of: 

(b) administering a prodrug. 

24. The method of claim 22, wherein the bone marrow or peripheral blood 
10 mononuclear cells are autologous. 

25. The method of any one of claims 20-24, wherein the gene is selected from 
the group consisting of a thymidine kinase, cytosine deaminase, a purine nucleotide 
phosphorylase, a nitroreductase, P-galactosidase, a cytochrome P450 reductase, a 
carboxylesterase, a deoxycytidine kinase and a thymidine phosphorylase. 

1 5 26. The method of either of claims 21 or 23, wherein the prodrug is selected 

from the group consisting of 6-methoxypurine arabinonucleoside, acyclovir, ganciclovir 
and 1 -(2'-deoxy-2'-fluoro-P-D-arabinofuranosyl)-5-iodom^cil, 6-methylpurine-2'- 
deoxyribonucleotide, 5-fluorocytosine, a dinitrobenzamide mustard derivative, 
cyclophosphamide, ifosfamide, 1-P-D-arabinofuranosylcytosine, irinotecan, and 5'-deoxy- 

20 5-fluorouridine. 



27. The method of either of claims 21 or 23, wherein the gene is cytosine 
deaminase and the prodrug is 5-fluorocytosine. 



3^ ^ 
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28. The method of any one of claims 20-24, wherein at least about 5% of the 
cells are infected. 

29. A recombinant adenovirus comprising the vector of any one of claims 1-9. 

30. A pharmaceutical composition comprising an adenovirus of claim 29 in a 
5 pharmaceutically acceptable carrier. 
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FIG. 2A 

Time course with Ad-CMV-LacZ in 80MOI 
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Time Course with Ad-LP-LacZ in 80MOi 
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FIG. 4A 

The Toxicity of Ad-Lp-CD viral vectors 
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FIG. 4C 

The Toxicity of Ad-CM V-CD viral Ve ctors 
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